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INTRODUCTION. 


The development the the Mammalia has 
been observed number forms but detailed study has been 
made only few instances. Among the workers who have 
published observations the development the mammalian 
are: Lenhossek (1898), Meves (1898), Benda 
(1897, 1906), Korff (1902), Duesberg (1908, 1920), Jordan 
(1911), Oliver (1913), Stockard and Papanicolaou (1918), Gat- 
enby and Woodger (1921). There general agreement the 
plan the development but many differences opinion exist with 
reference the detail. Many these differences are significant 
not only from the development the itself but also 
trom their bearing upon other biological problems. Since mam- 
mals are bisexual and have not been known reproduce partheno- 
genetically, the continuity the different parts the male germ 
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cell much significance that the female germ cell. 
The loss part the nucleus even part the cytoplasm 
the process transformation the spermatid into sperma- 
may affect the theory the vehicle the bearers the 
hereditary characteristics. 

Cavia cobaya has been used subject investigation for 
the development the often any other mam- 
mal and the work has been done much detail and yet there 
lack agreement upon number points. All authors 
are agreed that the spermatid typical one, similar that de- 
scribed for insects and other animals and that the mature sper- 
composed least three parts regions, the head, 
the mid piece and the tail. Also fourth region, the neck, has 
been described many workers. What parts the spermatid 
contribute the formation each these regions, what each 
region composed and whether not the entire cell used 
the formation the are questions upon which 
there are significant differences opinion. 

our study the development the Cavia 
cobaya certain things have been impressed upon being de- 
cidedly different from the observations other authors. 
these shall mention five the most outstanding: (1) Follow- 
ing the last maturation divisions the chromatin material goes 
through abortive preparation for division before there much 
change the shape the cell. (2) have found loss 
cytoplasm sloughing off has been described many authors. 
true that find stages when the entire developing sperma- 
smaller than previous stages but this seems due 
condensation the material rather than sloughing off 
any part it. This will discussed some detail the body 
the paper. (3) have not found any stage filament 
extending out from the cytoplasm. have diligently looked for 
because were very anxious see the nature this develop- 
ment and what particular time was first evident. all our 
observations the axial filament tapers blunt point the ter- 
minis. There naked end filament even the fully formed 
(4) The tail made three segments which 
are not only shown the morphological structure but also the 
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points breaking found hundreds broken specimens. 
(5) was mentioned our previous paper, the area actively 
dividing cells are elliptical with the greatest diameter the ellipse 
lengthwise the tubule. this area the cells are generally 
the same stage development and only occasionally stray 
cell some other stage. 

has not been our purpose describe the origin the cyto- 
plasmic structures nor say much about the confused nomencla- 
ture the same. This has been only incidental our purpose 
and have discussed them only far they contribute the 
development the have used much the 
nomenclature Bowen when seemed applicable our needs. 


MATERIAL AND 


The material used the same used our previous paper 
man and Root, 1926). that paper will found detailed de- 
scription the fixing and staining the material. All drawings 
have been made with the aid camera lucida and the magnifi- 
cations are given the description the plates. With one ex- 
ception, our drawings could duplicated from hundreds cells 
our material. make this statement emphasize the fact 
that what are showing universal and not exception which 
might attributed technique. The exception the bent rod- 
shaped cytoplasmic inclusion Fig. which have called 
Golgi body. 

(a) Description Material—We have begun with the changes 
which take place the cell after the last maturation division has 
been completed. This where stopped our last paper. 
For convenience description these changes may divided into 
three periods follows: (1) The period with little change the 
shape the cell; (2) the period elongation and (3) histogenesis 
the elongated cell. 

The Period with Little Change the Shape the 
Significant changes take place both the nucleus and the cyto- 
plasm before there much change the shape the cell. the 
end the last maturation division the chromatin passes through 
typical telophase. becomes finely granular and definite nu- 
clear membrane formed. Following this there takes place what 


q 
‘ 
; 
4 


238 MARY HARMAN AND FRANK ROOT. 


have chosen call abortive attempt divide again. The 
chromatin forms into close network having irregular clumps 
and the nuclear membrane nearly disappears, Fig. Then the 
nucleus increases size and the chromatin material more 
nearly continuous spireme, Fig. The chromatin clumps be- 
come more numerous and prominent. These changes continue 
until compact unbroken spireme formed, Fig. Then there 
attempt form chromosomes, Fig. chromatin knots 
are numerous and the spireme has been separated into irregular 
pieces which may compared chromosomes but which lack the 
smooth contour and the compact appearance chromosomes. 
have called these masses chromatin material chromatin 
knots.” There remains some trace the spireme but little 
more than suggestion. Following this the chromatin knots be- 
come more granular and there further indication division 
the cell, Figs. and Now the entire cell begins contract 
and become compact. first this more evident the nu- 
cleus than the cell body. The chromatin material becomes 
finely granular and only traces the spireme are discernible. 
The entire nuclues occupies much less space, Figs. and 

While these changes have been taking place the nucleus, 
changes have been occurring the cytoplasm. number 
spherical bodies varying size appear the early spermatid. 
These are the Golgi bodies. There lack constancy the 
number and the size these Golgi bodies. They are found 
the periphery the cell well near the nucleus. Sometimes 
they may indent the nuclear wall, Fig. With Heidenhain’s 
haematoxylin they are stained like chromatin which emphasizes 
their spherical form and distinguishes them from the surrounding 
cytoplasm the early spermatids. They are finely granular like 
the surrounding cytoplasm but the granules are more closely com- 
pact than the other parts the cytoplasm. Each Golgi body 
has the appearance sphere surrounded halo. 

idiosome always near the nucleus. section cres- 
centic shape, with the concave side toward the nucleus, and 
stains like the surrounding cytoplasm from which distin- 
guished its more homogeneous structure. older stages 
comes lie contact with the nucleus then there more defi- 
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nite orientation its position than that the Golgi bodies and 
the nucleus. least one Golgi body always near the nucleus 
and the same time near the idiosome, Figs. and Some 
the Golgi bodies form group near the nucleus the side 
opposite the idiosome. 

The idiosome becomes closely applied one side the nu- 
cleus, Figs. and The idiosphere the concavity the 
idiosome between and the nucleus, Figs. and The 
entire cell, both cytoplasm and nucleus, has become smaller and 
there evidence the beginning the change the shape 
the cell. 

Period the diminution the volume 
the cell there the beginning elongation the axis de- 
termined the idiosome, the one side, and the Golgi remnant 
the other. This elongation occurs the entire cell affecting 
the shape both the cytoplasm and the nucleus, Figs. 22. 
During this time the cell intimate connection with the Ser- 
toli cell which first small but later increases enormously 
size. Fig. illustrates Sertoli cell with some the associated 
spermatids elongated form. The part the spermatid 
destined become the head directed toward the base the 
Sertoli cell and the other part toward the lumen the tubule. 
This true regardless the stage development. When the 
spermatozoa are freed from the Sertoli cell they are not 
mixed mass but are bundles lying almost parallel, with most 
the heads the same direction. This could easily accounted 
for the fact that they have definite orientation during their 
development. While the cell elongating the idiosphere becomes 
embedded the idiosome. The idiosphere stains more densely 
than the idiosome. Thus the idiosome has the appearance hav- 
ing core. The idiosome and the idiosphere form elongate 
body pointed its distal end and truncate its proximal end, 
Figs. 17. Fig. surface view while the other figures 
show the idiosphere surrounded the idiosome. The idiosome 
and the idiosphere may now called the acroblast. 

The chromatin material this stage has become finely granu- 
lar and can scarcely distinguished from the cytoplasm either 
its staining reaction its structure. The nucleus elongates 
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until becomes cylindrical, Figs. thin coating 
cytoplasm surrounds and extends the direction opposite 
the acroblast. Later the nuclear material takes position one 
side the cylindrical mass and the cytoplasm forms flattened 
area the other side extending from the acroblast the other 
end the cell, Figs. and 19. these figures the acroblast 
becoming rounded and beginning take position the side 
the nucleus instead completely anterior the earlier 
stages. The nuclear material beginning become more con- 
densed and spread out over wider surface. Posterior the 
nucleus there are three fine thread-like filaments which spread 
into somewhat fan-shaped mass the surrounding cytoplasm. 
Associated with these filaments are two areas cytoplasmic gran- 
ules. area the extremity the filaments and the other 
area near the base the nucleus, Figs. and 21. Following 
this stage, the cytoplasm which transforming into the tail the 
condenses rapidly and becomes very elongate. 

Histogenesis the Elongate Cell—In the histogenesis 
the elongate cell the three regions usually recognized mam- 
malian begin evident. first the nucleus 
and the acrosome which make the head are much longer than 
they are wide and become cylindrical and somewhat enlarged 
the free end. The nucleus now one side the cytoplasmic 
acrosome and does not extend entirely the free end the 
developing The mid-piece which occupied 
largely the spiral filament the adult becomes 
granular regularly arranged clumps, SF, Fig. 23. This the 
region which was occupied the three thread-like filaments 
Figs. 19, 21, and 22. One the most noticeable changes the 
tail region. There very rapid condensation the cytoplasm 
which was spread out fan-shaped mass tapering whip- 
like flagellum. The tail composed three segments. The first 
one about long the mid-piece, the second one the early 
stages about the same length and the third terminal one 
little longer than the combined length the other two. gradu- 
ally tapers blunt point. have not found any stage 
development any unsheathed terminal filament. 

differentiation progresses there greater difference be- 
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tween the sizes segments one and two the tail. The second 
segment elongates more than the first and tapers more in- 
creases length. The segments are recognized distinct mark- 
ings and when the tails the spermatozoa are broken off, the 
break always the union two these segments. Seldom 
the tail broken from the head the anterior part the mid- 
piece and practically never the tail broken off the posterior 
part the mid-piece. few the tails are broken the end 
the first segment. Most frequently the break the distal 
end the first segment, less frequently between the second and 
the third segments. never find the tail broken within any seg- 
ment. 

Figures 24, 25, and are illustrations mature 
viewed from different positions. The acrosome forms hood- 
shaped covering one side and anterior the nucleus. The head 
broad from side side, Figs. and 25, but rather thin when 
seen from the edge, Fig. 26. The regularly arranged clumps 
the mid-piece, mentioned above, develop into dis- 
tinct spiral, with the coil always counter-clockwise from the an- 
terior part the mid-piece. The last two coils are almost rings 
and might termed, annulus. There annulus separate 
from the spiral filament. shown the drawings the coils 
are not always regular. They remind one spring that has 
been put tension and the rebound has not been the same 
all regions the spring. The first four coils the spiral fila- 
ment are inclosed thin bladder cytoplasm. 


the transformation the spermatid into the 
little attention has been given the behavior the chromatin 
material other than finally becomes condensed into more 
less homogeneous mass which appears solid and stained heav- 
ily with nuclear dyes. Meves (1899) has shown the nuclear 
material formed into clumps before there has been much change 
the shape the spermatid. Ballowitz (1891) has also this 
clumping the chromatin material his drawings. Neither 
author has discussed this change nor has mentioned further 
changes the chromatin. They state that the nucleus forms the 
greater part the head the spermatozoon. 
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one the Hemiptera, Bowen (1920) says that head 
undergoes characteristic change resulting what appears 
complete vacuolization the chromatin lining. Then the 
chromatin collapses toward the axis the head, etc.” 

have shown that after the last maturation division the 
chromatin material passes through changes which are similar 
those cell that getting ready divide until there the 
breaking the chromatin material into clumps. significant 
difference, however, between these changes and the changes previ- 
ous the maturation divisions that there synezesis and 
double thread. raise the question whether these changes 
influence the behavior the cytoplasm the process trans- 
formation and thus the attempt division aborted whether 
the changes the cytoplasm arrest the changes taking place the 
nucleus. 

The small size the comparison with the early 
spermatid recognized many authors. Some this differ- 
ence size has been accounted for loss cytoplasm. the 
formation the vertebrates, Kolliker early 
1856 and Vallette St. George (1865) described the slough- 
ing the cytoplasm. Later Biondi (1885), Benda (1897), 
Hermann (1889), and Neissing (1889 and 1896) agree that there 
loss cytoplasm sloughing off. Meves and Ballowitz 
have shown cytoplasm loosely connected with the transforming 
tail part. 

This difference the size the and the sperma- 
tid recognized the insects. Montgomery (1911) states that 
Euschistus evidence was found for the casting off any 
substance the sperm.” 

the formation the Paratettix, Harman 
(1915) did not find any loss cytoplasm. The cytoplasm con- 
densed around the axial filament but there was indication 
sloughing off either the appearance the cell the remains 
the follicle. 

our material, the greatly reduced size 
during the process transformation, but have found evi- 
dence any region loss material. have shown, Figs. 
24, and 26, that bladder-like structure cytoplasm pres- 
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ent the transformation but that this condenses around por- 
tion the middle piece and there evidence that sloughed 
off. 


Most authors recognize that the greater part the head the 
formed from the nucleus the spermatid and 
furthermore, they recognize that this head much smaller than 
the original nucleus. one has described the loss nuclear 
material. This agrees with our observations. believe that this 
diminution size due condensation which the material 
appears more compact than earlier stages. 

Meves (1899), Ballowitz (1891), and Duesberg (1910) show 
thread-like filament extending out from the cytoplasm the 
very early stages development. Meves describes this filament 
arising from one the centrosomes which gives rise the 
posterior nodule and this filament which turn becomes the axial 
filament. represents the distal end this filament remain- 
ing unsheathed and forming the terminal filament. have 
found unsheathed filament any stage development. 
have shown, Figs. 18, 19, and 22, three filamentous structures 
which lie deep the cytoplasm. These filaments are spread out 
distally into fan-shape. Associated with these structures are 
two areas granules. have not traced the detailed history 
these granules but have noted that they finally become in- 
closed the cytoplasm which rapidly condenses and with the 
associated filaments form the tail the There 
gradual tapering the tail blunt point. This tapering 
takes place the axial filament well the sheath which 
encloses entirely the distal end. 

The tail made three segments have shown Figs. 
23, 24, 25, and 26. Early our study the mature spermato- 
zoon, among mutilated specimens were impressed with the reg- 
ularity the lengths the pieces the tails. These lengths 
were quite constant whether the spermatozoa were bundles, 
merely few together even single was 
broken. The pieces were three different lengths which corre- 
sponded the three segments the tail. Measurements showed 
only slight variation. would seem that the tail weaker 
the points junctions the segments. 


7 
q 


244 MARY HARMAN AND FRANK ROOT. 


The transformation the spermatid into takes 
place definite areas which are elliptical shape. The greatest 
diameter the ellipse always lengthwise the seminiferous 
tubule and the shortest diameter never exceeds two-thirds the 
circumference the tubule. 


The transformation the spermatid into 
takes place while the spermatid closely associated with Ser- 
toli cell and does not become free the lumen the seminif- 
erous tubule until the matured. 

the early stages transformation the cell goes through 
growth period which the entire cell gets larger and the 
chromatin material goes through abortive preparation for 
division. 

During the period elongation there reduction the 
volume the cell and rearrangement its parts. 

sloughing off” loss cytoplasm has been observed. 

The head the composed two parts, the 
head proper which arises from the nucleus and the head cap 
acrosome which arises from the idiosome and the idiosphere. 

There cytoplasmic bladder-like structure around the an- 
terior part the mid-piece. 

The tail composed three segments terminating defi- 
nite nodes. 

find indication unsheathed terminal filament 
either during the transformation the mature 

The tails the spermatozoa are always toward the lumen 
the seminiferous tubule. 

10. The areas transformation are elliptical shape with the 
long axis the ellipse corresponding the length the semi- 
niferous tubule and the short diameter the ellipse never exceeds 
two thirds the circumference the tubule. 
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EXPLANATION PLATES. 


All the drawings were made with the aid camera lucida, 1.9 oil-im- 
mersion objective and number compensating ocular table level. Figure 
was enlarged two diameters. All other drawings were enlarged four and 


one half diameters. The reproductions were reduced one half from the 
original. 


Fic. Spermatid soon after the last maturation division. Golgi 
bodies; nucleus; idiosome. 

Fic. Spermatid showing increased size. Golgi body. 

Fic. Spermatid with the chromatin the form spireme. idio- 
some; Golgi body. 

Fics. AND Spermatid showing abortive attempt form 
chromosomes. idiosome; Golgi body. 
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II. 


Fic. showing the chromatin finely granular and the begin- 
ning the contracting the entire cell. 

Fic. Spermatid showing the idiosome closely applied the nucleus 
and the appearance the idiosphere. idiosome; NE, idiosphere; Golgi 
body. 

Fics. AND 10. Spermatids showing great reduction size. idio- 
some; NE, idiosphere. 

Fics. AND 12. Spermatid showing the ovoid shape which the be- 
ginning the elongation. idiosome; NE, idiosphere; Golgi body; 
cytoplasm. 

Fics. AND showing the beginning the elongation 
the idiosome and the idiosphere. idiosome; NE, idiosphere; nucleus; 
cytoplasm; Golgi body; acroblast. 

Fics. 15, AND Spermatids showing the elongation the nucleus 


and the spreading out the cytoplasm fan-shape. acroblast, 
cytoplasm. 
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III. 


Fics. AND 19. Spermatids showing appearance filaments from the 
nucleus and the extension the acroblast the side the elongated nu- 
cleus. acroblast; nucleus; cytoplasm; filaments; Golgi body; 
Gr, granules. 

Fic. 20. Sertoli cell with some the associated spermatids elon- 
gated form. spermatids; nucleus; AC, spermatogonial cell. 

Fics. AND 22. Spermatids, continuation the development shown 


Figs. and 19. acroblast; nucleus; filaments; cytoplasm; 
Gr., granules. 
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IV. 


Fic. 23. Spermatid almost transformed, viewed edge. 
nucleus; SF, spiral filament formation; acrosome; LT, tail segment; 
NO, node. 

Fics. 24, 25, AND 26. Mature spermatozoa. Fig. viewed from con- 
vex surface, Fig. from side angle and Fig. from edge head. 
acrosome; nucleus; residual cytoplasm; SF, spiral filament; tail; 
NO, node. 
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STUDIES THE SECONDARY SEX CHARACTERS 
CRAYFISHES. VIII. MODIFIED THIRD 
ABDOMINAL APPENDAGES MALES 
CAMBARUS VIRILIS. 


TURNER, 


LABORATORY, NORTHWESTERN UNIVERSITY. 


The first and second abdominal appendages males are ha- 
bitually modified Cambarus for the purpose copulation. 
The individual parts the first pair appendages are fused and 
twisted and lie compactly groove the ventral side the 
thorax. The appendages the second abdominal segment re- 
semble the typical swimmeret general plan (Figs. and 6). 
However, the protopodite elongated and heavier, the basal un- 
segmented portion the endopodite likewise reinforced, bearing 
conspicuous triangular shoulder. The terminal segmented por- 
tion the endopodite much reduced. The remaining swimmer- 
ets are unusually quite typical. 

There apparently only one published record modified 
third abdominal appendage. Moenkhaus, Proceedings the 
Indiana Academy Science, 1903, pp. 111 and 112, describes 
specimen Cambarus virilis bearing such modification fol- 
The first and second pairs appendages were modified 
the usual way and way differed from corresponding 
appendages the normal male the same species. The addi- 
tionally modified third pair resemble plan almost exactly the 
second pair. The exopod and the segmented flabellum the 
endopod are much less reduced and much more extensively pro- 
vided with feathered setae than the second pair. They are about 
the same size and position converge and fit against the sec- 
ond pair appendages much the same manner that these 
against the first. Whether they were any way functional 
am, course, unable say.” Another specimen with modi- 
fication similar but not fully developed the one described 
Moenkhaus was collected Dr. Van Cleave the 
University Illinois and appears his collection. 
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Since crayfishes are such common use laboratory subjects 
seems likely that any considerable occurrence this aberrancy 
would have been noted and described. The writer has examined 
thousands crayfishes during the past seven years, always with 
the object finding peculiarities the secondary sex characters 
and while large numbers specimens have been found which 
other aberrancies occurred, not one was found with this type 
peculiarity until the lot described came light. 

collection several hundred specimens which had been taken 
from the Fox River between Green Bay and DePere, Wisconsin, 
during the summer 1927, was being used the Zodlogy Lab- 
oratory Northwestern University. specimen having pecu- 
liar appendages was discovered chance and the writer then ex- 
amined the entire lot. Forty-six total three hundred and 
forty-two males were found which had third abdominal appendages 
modified somewhat like those the second abdominal appendages. 
other peculiarities were noted among the males, but one fe- 
male seventy possessed pair copulatory hooks the third 
walking legs like those the male. The latter type aber- 
rancy the most common and surprising find type that 
apparently rare greatly superior numbers. 


DESCRIPTION SPECIMENS. 


The male specimens with the modified third abdominal ap- 
pendages are about thirteen and half per cent. the total num- 
ber examined. They range length from 107 mm. 
Twenty-eight are second form and eighteen are first form males. 
fairly complete series represented the aberrant appendages. 
some, the third abdominal appendages varies only the 
presence slight projection upon the inner border the 
endopodite between the basal unsegmented and the terminal seg- 
mented portions (Figs. and 3), while the other end the 
series the modifications are practically like those the second 
abdominal appendages (Figs. and 5). There apparently 
relation between the extent modifications the appendages 
and the size the animals. form specimens the angles 
upon the shoulder the aberrant appendages are sharper and 
stronger than those form II., but this might have been expected 
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since the same true the usual modified appendages normal 
form and form II. males. 

The first and second abdominal appendages are normal every 
respect all the specimens. 


attempting find explanation for the large occurrence 
rare aberrancy, age, accidental embryonic development, effect 
environment peculiar genetic constitution might sug- 
gested first thought causal factors. The fact already noted 
this description that size, and therefore age, and degree develop- 
ment the peculiarities the appendages are independent would 
seem eliminate age factor. Accident might called upon 
account for specimen two but scarcely for large num- 
ber represented here. has yet shown that environ- 
ment has played any part the development the secondary 
sex characters crayfishes, nor indeed, modifying them. 

Peculiar genetic constitution seems the logical factor here. 
has already been shown for other aberrant conditions sex 
characters crayfishes that there strong tendency for the de- 
velopment one type peculiarity one locality and the pres- 
ent case another instance the same tendency. has been 
argued these other instances that the peculiarity might easily 
arise and perpetuate itself mutation and the explanation 
again offered for the case hand. 

does not seem likely that this modification has any functional 
significance. Specimens more radically modified other sex 
characters have been functioning normally and there reason 
believe that this slight peculiarity would make males any more 
efficient nor that would interfere with copulation. 

The series offered the specimens here, from the slightly modi- 
fied the most completely modified may give clue the 
evolutionary changes through which the normal second abdominal 
appendages came the course their development. This 
speculative, course, but have here actual series ranging 
from practically unmodified third abdominal appendage one 
which almost exactly duplicates the normal second. Unless the 
highly peculiar second abdominal appendages arose with all their 
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pecularities fully formed one stage easy believe that 
they arose through series changes such represented 
here. The first stage would represented the development 
low projection the inner surface the endopodite between 
the unsegmented basal portion and the segmented terminal por- 
tion. Subsequent changes would involve enlargement this 
spur and molding until had assumed the shape found 
the normal second appendage the male. Other changes would 
involve elongation and enlargement the propodite, and 
enlargement and strengthening the basal portion the endo- 
podite together with reduction the terminal segmented portion 
the endopodite. 

aberrant females having first abdominal appendages modified 
like those males the second abdominal appendages are also 
sometimes modified. Such aberrant females are rare but even 
small number various degrees modification are shown 
the second appendages. These second abdominal appendages are 
identical their structural peculiarities with the third abdominal 
appendages described here and are similar also that they show 
various stages development. 


EXPLANATION FIGURES. 


Note: All figures are drawn the same scale. 

Fic. left third abdominal appendage normal male. 

Fic. Left third abdominal appendage aberrant male measuring 
mm. endopodite showing first stage development. 

Fic. third abdominal appendage aberrant male measuring 
mm. Callosity endopodite much larger. 

Fic. Right third abdominal appendage aberrant male measuring 
mm. The protopodite longer, the basal portion the endopodite 
elongated and the shoulder upon-the endopodite more prominent. 

Fic. Left third abdominal appendage aberrant male 103 mm. 
length. Modifications almost equal those the normal second abdom- 
inal appendage. 


Fic. Left second abdominal appendage normal male measuring 
mm. 
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NATURAL HISTORY SHIPWORM, TEREDO 
LIS, WOODS HOLE, MASSACHUSETTS. 


GRAVE, 


COLLEGE. 


From the Marine Biological Laboratory, Woods Hole, Mass. 


The common species shipworm Woods Hole, identi- 
fied Kofoid and Clapp, Teredo navalis. The date its 
first appearance this region not known. Verrill lists 
his “Invertebrate Animals Vineyard Sound and Adjacent 
Waters (1871). Whatever its history American waters may 
have been, now known occur throughout the entire North 
American coast from Alaska The present study 
has been carried during the past four years and that time 
other species has been collected. known, however, that 
Bankia fimbriata occurs this region, although comparatively 
small numbers. During the year this work was first undertaken 
was difficult obtain Teredo sufficient numbers for satis- 
factory study, but this not indication that the species not 
abundant New England waters. The reason for apparent 
scarcity that shipworms are inaccessible, being, for the most 
part imbedded piles and permanent structures. Subsequently, 
putting out suitable timbers during one summer studied 
the next, has been easy matter obtain Teredo abundance. 
Lobster pots* and stakes have been found the most 
convenient. these timbers are exposed the water during 
the latter part the summer they are found contain sex- 
ually mature worms the beginning the breeding season the 
following June. The stakes give best results exposed 

Bay, New Jersey, sudden outbreak. probably error think- 
ing that this species arrived recently the New England coast. 


Lobster pots are constructed small slats about the size ordinary 
plasterer’s lath, in. broad and in. thickness. 
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during July early August, but the smaller timbers are liable 
complete destruction before winter put out early the 
summer. 


Teredo not grow large small timbers such are used 
the construction lobster pots, but are easily removed from 
such small strips wood, thereby facilitating study. The size 
attained depends upon the degree crowding. ascertain the 
size which Teredo will grow, necessary supply larger 
pieces wood and stakes are excellent for the purpose. 
With drawing knife possible expose the entire burrow 
few minutes because Teredo tunnels with the grain the 
wood, usually within half inch the surface. study such 
stakes has shown that Teredo larve attack the wood great 
numbers the mud line but less and less abundantly from the 
bottom the surface the water. Three fourths the Teredo 
burrows exposed timber occur within two three feet 
the mud line. Very few are found more than four feet above 
the bottom. 


Section II. AND BEHAVIOR. 


The anatomy Teredo has been accurately described sev- 
eral early investigators and more recently the shell and digestive 
tract have received attention Miller and Lazier, whose ad- 
mirable work published four papers. sufficient here 
say that the shipworm has the structure ordinary lamelli- 
branch which the body much elongated and which the 
bivalve shell highly modified adaptation the burrowing 
habit. one particular observations are not agreement 
with those Miller. attributes the formation the rings 
growth, the rasping ridges, and denticles the shell altera- 
tion fluctuation the food supply which, according his 
conception, results corresponding periods slow and rapid 
growth. This may account for the annual rings growth 
certain mollusks and has been interpreted, but could hardly 
account for the rings and ridges the shell this young ani- 
mal which adds two rings per week the early stages its de- 
velopment. These sculpturings the shell which adapt 
burrowing are undoubtedly due the action little tongues 
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mantle tissue which are pushed over the edge the shell 
during deposition the shell material. This process shell 
sculpturing was observed the large lamellibranch 
rigida (Grave, The peculiar form and pattern the shell 
specific and matter inheritance, but the building process 
due the peculiar manipulation the mantle and not 
alternate periods starvation and plenty. 

The physiology digestion has been studied particularly 
recent years Dore, Miller and Potts. 

Potts corroborates the work Dore and Miller (’22) 
showing that the shipworm burrows through the wood swal- 
lows the chips and derives some nourishment from them. 
large section the digestive tract seems devoted entirely 
the digestion wood (the cecum and liver). Potts believes 
that wood the only food Teredo but Miller shows that the 
digestive tract contains diatoms well wood. The burrow 
mainly serves means protection. 

the Teredo grows enlarges its burrow proportionately 
until maturity may inches length and have diam- 
piece timber may honeycombed with Teredo tunnels with- 
out showing the surface that infested. The only open- 
ing the burrow leading the outside the minute pore 
through which the young Teredo entered the wood meta- 
morphosing veliger. Although less than .35 mm. diameter 
and therefore too small seen readily the unaided eye, 
through this passage that the siphons are protruded obtain 
respiratory currents and food other than wood. The shipworm 
feeds upon minute organisms derived from water currents that 
pass over its gills for respiration, just ordinary lamelli- 
branchs. fact elongated lamellibranch, whose bur- 
rowing shell covers only its anterior tip, leaving most the body 
and the siphons unprotected except for the wooden shell-lined 
burrow. 

CHARACTER THE 


The burrows are always lined calcareous substance, except 
the anterior end, where further excavation taking place. 
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This shell-like material secreted the general surface the 
body mantle. has been suggested that this lining the 
burow not only makes smooth surface, but shuts out wood 
acids well external enemies which might otherwise injure 
the soft body the animal. Even the outer pore-like opening 
lined with this secretion and divided transversely par- 
tition, that the siphons protrude through two minute pores just 
large enough transmit them. While the shipworm not feed- 
ing, when disturbed, the siphons are withdrawn and the 
external openings are plugged two curious horny pallets, 
they are called, situated one each side the siphonal region. 
See Figure 


Young Teredo, length cm., age five weeks from metamorphosis 
drawn camera lucida. shell, foot, incurrent siphon, ex- 
current siphon, pallet. 


Effect Adverse Conditions. (Repairing the burrow, etc.) 

case the tunnel broken accident, the wearing 
away the surface the wood from any cause, the adjacent 
glands secrete shell substance greater abundance and mend the 
breach. The integrity the burrow carefully preserved. 
case adverse conditions arise which make the environment diffi- 
cult either from enemies poisons the water, from over- 
population its fellows, this shell substance secreted the 
form heavy casing, not only the sides, but over the an- 
terior burrowing end well. This the invariable reaction 
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Teredo adverse external conditions, the most common cause 
which the crowding individuals small timbers. 
consequence, the wood becomes extremely fragile, mere shell, 
porous that enemies, such bacteria and parasitic protozoa, 
find entrance and menace the life the community. Under 
these conditions the worms die within the first year. may be, 
too, that wood essential part their diet, but more 
probable that the trouble lack adequate protection against 
adverse conditions and dangers from without. 

Teredo ever molests the burrow another. When two 
come close together they face about and proceed another di- 
rection, thus avoiding each other. When they become closely 
crowded that further burrowing would infringe upon neighbor, 
growth seems stop. The size attained depends upon the 
amount crowding. stated above, the Teredo responds 
these conditions greatly thickening the shell lining its bur- 
row the front well the sides that the whole 
strongly encased. However, best brittle affair and para- 
sitic protozoa and bacteria are admitted which soon destroy the 
occupant. The protozoan Architophrya holotrich) always 
abundant such situations. 

difficult see how growth may cease and the animal sur- 
vive, but perfectly clear that Teredo three months old living 
crowded situations are often less than one fifth large 
others the same age growing under better conditions. The 
stunted worms, though packed closely together are frequently 
all alive and reproducing. many seven young Teredo per 
square inch have been observed test blocks although the aver- 
age means high. When these worms all become two 
three inches long, crowded group results unless they hap- 
pened have entered large timber which permits unlimited 
expansion. 

Shipworms rarely from one board another, matter how 
closely the boards are applied each other. Only two exceptions 
this rule have been observed among the thousands burrows 
studied. They seem avoid anything that threatens interrupt 
the continuity their tunnels. 

Teredo seems not orient gravity since burrows down- 
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ward about frequently upward. The burrow single 
individual often shows that there tropistic response this 
kind. tunneling downward Teredo approaches the end 
the timber, another Teredo burrow knot, may turn directly 
about and proceed the opposite direction, paralleling the first 
part its burrow. some means able detect any nearby 
surface the wood and avoid it. Two Teredo tunnels may ap- 
proach within eighth inch each other, but they remain 
quite separate. They have some sense also which warns them, 
when approaching the end timber, face about before reach- 
ing the end, retreating usually point mm. from the 
tip. 


interest Teredo dates from 1922 when the National Re- 
search Council suggested the study the breeding season this 
species and appropriated funds meet preliminary expenses. 
The results this study were reported the Washington meet- 
ing the American Association for the Advancement Science 
1924, and abstract was printed that time. The publication 
the paper whole was deferred until the study various 
details could completed. 

The fact that the female carries the young embryos the gill 
chamber for short time makes accurate study the breed- 
ing habits comparatively easy matter. may ascertained 
glance whether female carrying embryos not and the 
presence eggs embryos the suprabranchial chamber 
conclusive evidence recent spawning. further useful indi- 
cator that color. The eggs and young embryos are pure 
white, but they gradually take dark gray color with age. 

The first spawning Woods Hole occurs from the first the 
middle May, and the last about the middle October. Dur- 
ing 1925 eggs were first obtained May and these were 
late cleavage stage when discovered. Two twenty females 
examined had spawned this date. 1926 eggs were first ob- 
tained May 16. Two the twelve females examined had 
spawned, and the embryos were the gastrula stage develop- 
ment. Frequent previous examinations April and May had 
shown spawning individuals. 
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During the fall 1925 and 1926 special trips were made 
Woods Hole order determine the extreme limits the 
breeding season. this time effort was also made learn 
how late the fall veligers were metamorphosing and entering 
wood. September 22, 1926, numerous females, both Eel 
Pond and the Cayadetta Wharf Vineyard Sound, were carry- 
ing embryos various stages development. October 10, 
sixty Teredos taken from Eel Pond, none were carrying em- 
bryos, while five twenty five taken from the Sound had 
quantities veligers their gills. The embryos one these 
were late trochophores early veligers and repeated observa- 
tion the rate development Teredo has shown that these 
would normally carried from ten days two weeks longer. 
None were found carrying embryos November These and 
other data show that the breeding season Eel Pond ended two 
weeks earlier than Vineyard Sound. The difference tempera- 
ture apparently the cause this diversity the duration 
the breeding season, Eel Pond being approximately two degrees 
colder during the fall than the deeper water the Sound. 
Kofoid noted similar difference the breeding season vari- 
ous parts San Francisco Bay where wide stretches shallow 
water become several degrees warmer early spring and cooler 
the fall than the deeper portions the same body water. 
His estimate two weeks difference doubt conservative. 
Observations just completed this writing show that the first 
spawning Teredo Eel Pond 1927 occurred May and 
Vineyard Sound May 12. Spawning occurred each case 
when the water had reached temperature approximately 11° 
(between 11° and 12° C.). Since spawning ceased Eel 
Pond October and Vineyard Sound about October 
have the same variation due temperature difference and the 
total spawning season for Teredo Woods Hole shown 
nearly quite five months duration. 

should explained that the larva has free swimming 
period approximately two weeks after leaving the supra- 
branchial chamber the mother before ready enter wood. 
accordance with the fact that veligers are carried the mother 
late October Vineyard Sound, one would expect 
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find that wooden structures are being entered the metamorphos- 
ing veligers until the first November. The facts, however, 
not bear out this expectation. The last date which veligers 
successfully metamorphosed and attacked wood Eel Pond was 
September 23, whereas larve were doubt present until about 
October Lobster pots placed Vineyard Sound October 
were entered metamorphosing veligers. certain that 
larve are present the water Vineyard Sound until No- 
vember the last week October. other words, larve are 
present the water least two weeks after the last ones suc- 
cessfully attack wood. The reason for this not evident. The 
cilia the swimming mechanism the larva possibly become 
less and less active the water cools, with the result that mor- 
tality among the last generation larve the season high. 
Bugula also the last the season fail metamorphose, 
but not great extent the case with Teredo. 

examination the gills large number Teredo 
November showed spotting these organs the last em- 
bryos contained had been resorbed. quite likely that the 
belated ones lose ability swim and therefore remain inactive 
and disintegrate the gill chamber. (This may not the correct 
explanation the cause the failure the last embryos the 
season metamorphose.) The larve Bugula and those cer- 
tain hydroids continue metamorphose successfully into No- 
vember and the latter into December although dependent upon 
cilia for locomotion. 

The data hand indicate that the breeding season Teredo 
possibly October 15, period five months. 


Fecundity. 


Teredo tremendously prolific. Each female spawns three 
four times season. The number eggs produced varies 
with the size the individual and estimated from one 
five millions. the end the season the female seems 
exhausted. Many molluscs survive for several Teredo 
dies during the second year test blocks have shown repeatedly. 
This unusual fecundity may explain the early loss vitality. 
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evidence that the female Teredo spawns every four five 
weeks, the following data are offered. Several cases this kind 
were observed. 

June 20, 1925. Two large females which were carrying gray 
veligers, were ready spawn second time. The ovaries were 
large and distended with eggs which were full size and fertilizable. 

June 24, 1925. Two among several females examined had 
spawned second time this season, numerous late veligers mixed 
with cleaving eggs were found the suprabranchial chamber. 


Periodicity. 

One the specific objects this study was ascertain the 
characteristics the breeding season, whether not there 
lunar other periodicity the production shedding the 
gametes. was made apparent during the first year’s study that 
lunar periodicity occurs the spawning Teredo. From the 
beginning the end the breeding season, the water contains 
abundant larve all stages development. The records 
examinations hundreds stakes and lobster pots indicate that 
larve are abundant the water ready attack any exposed 
timber each day the summer. The evidence bearing this 
point derived from two types experiments which are here 
described some detail because other workers have stated that 
the spawning Teredo periodic and that definite broods ma- 
ture definite times. 

1st. The following tables show that periodicity the 
spawning this species occurs. large number ship 
worms that may examined any time during the summer, 
some will found carry cleaving eggs, some gastrule, and 
some trochophores, some young veligers and some typical veligers, 
thus showing that spawning continuous and not synchronous. 


TABLE 


Teredo EXAMINATIONS 1925, JULY 
Material from Lobster Pot Placed Water Aug. 16, 1924. Eel Pond. 


Females carrying eggs 
Females carrying cleaving eggs gill chamber .............. 
Females carrying young veligers gill chamber ............. 
Females carrying typical veligers gill chamber ............. 
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TABLE 


Teredo EXAMINATIONS JULY 


Material from Lobster Pot Placed Water Aug. 20, Cayadetta Dock. 


Females carrying cleaving eggs gill chamber .............. 
Females carrying gastrule gill chamber ................... 
Females carrying young veligers gill chamber .............. 
Females carrying typical veligers gill chamber ............ 
Mature males having motile sperm 

TABLE 


Teredo EXAMINATIONS 1924, JULY 


Material from Lobster Pot Placed Water Aug. 20, 1923. Cayadetta Dock. 


Females carrying cleaving eggs the gill chamber ............ 
Females carrying the gill chamber ................ 
Females carrying young veligers the gill chamber .......... 
Females carrying typical veligers the gill chamber ......... 


TABLE 


Teredo EXAMINATIONS 1924, AUG. I0. 


Material from Lobster Pot Placed Water Aug. 20, 1923. Eel Pond. 


Females carrying cleaving eggs the gill chambers .......... 
Females carrying blastule gastrule 
Females carrying typical 
Females carrying few veligers the gill chambers, apparently 
Mature males with abundant active sperm 


These four tables show that spawning takes place all times 


during the month and not synchronously. They show conclu- 
sively that there lunar other periodicity such that 
sometimes caused variations temperature. Attention 
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called the fact that the spawning these animals took place 
not the laboratory, but normally their natural habitat. 

also apparent from these tables that there are broods 
special times infestation exposed timber. further 
evidence this point the test blocks (lobster pots) were put out 
every ten days during the summer and all became infested with 
metamorphosing Teredo larve almost once, certainly within 
day two after exposure, numerous experiments rate 
growth show. Woods Hole the first settle and begin 
burrow toward the end June (June 20). From that time 
until early fall the water contains copious supply swimming 
ready burrow into any exposed wooden structure. 

Nelson his report for the year 1923, Table page 
208, concludes very meager and insufficient data that one brood 
larve settled Barnegat Bay June and that second brood 
matured some time between July and September The evi- 
dence derived from experiments covering four years show 
that there are broods but rather continuous entrance 
timbers larve maturing throughout the breeding season. The 
evidence many experiments shows that one can not depend 
upon green timber even seasoned stakes for such ex- 
periments, they may remain uninfested for weeks for ap- 
parent reason. Seasoned lobster pots, however, regularly became 
infested either the day they were exposed the water very 
soon thereafter. This possibly due the horizontal position 
the timbers the water, contrasted with stakes standing 
vertically. The answer the question whether Teredo larve 
enter wooden structures broods special times continu- 
ously has important practical bearings well scientific interest. 

also apparent from the data these tables that Nelson’s 
statement that there are five hundred females one male, does 
not hold for the Woods Hole region. Females outnumber males 

Kofoid has shown that the number larve any particular 
region depends upon the extent which infested timber pres- 
ent. Regions far from wooden warves have relatively few 
larve the water. was able show that Teredo much 
more abundant the Cayadetta Wharf than Eel Pond, the 
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ratio being approximately 2:1. The distance between these lo- 
cations less than one hundred yards and the difference 
numbers this case not due difference the amount 
wood present. The biological conditions the more-or less iso- 
lated Eel Pond are clearly different from those the open waters 
Vineyard Sound because species inhabiting them are differ- 
ent some extent, shown another paper (See 
study these conditions contemplated but the present 
adequate explanation suggested unless the large amounts 
formalin and other poisons and oils from the supply station seri- 
ously affect the Eel Pond water times. There are, however, 
differences natural conditions. The tidal currents outside, 
any rate, are much stronger than those Eel Pond. 


Section IV. AND RATE DEVELOPMENT. 


The extensive contributions Sigerfoos and Hatschek give 
satisfactory descriptions embryological development that 
shall avoid duplication and emphasize only facts that are new. 

The egg Teredo comparatively small and white color. 
measures extreme limits from mm. mm. with 
average diameter midway between these figures. The oviducts 
open into the suprabranchial chambers which are extensive and 
serve brood pouches. When the eggs are extruded they are 
retained the suprabranchial chambers for period two 
three weeks, during which time they pass through the early 
stages development. When liberated into the sea water they 
are typical lamellibranch veligers, vigorous and hardy. large fe- 
male may 500,000 1,000,000 eggs single spawn- 
ing, that the gill chambers are tightly packed with embryos 
distributed two parallel rows along the sides the slender 
elongated body. The approximate age embryos can esti- 
mated their color since they gradually change from white 
dark muddy gray during development. 

The embryo not parasitic upon the mother, but the egg will 
not develop outside the gill chamber. Ripe eggs were several 
times removed from the gonads and artificially fertilized 


flabelleta lives readily Eel Pond but will not thrive the 
adjacent waters Vineyard Sound, while the reverse the case with 
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attempt observe them development. Development was 
initiated but egg cleaved beyond the sixteen cell stage, and 
many stopped the two, four, and eight cell stages. Develop- 
ment these cases was extremely slow and cleavage was ir- 
regular and abnormal. Eggs fertilized six P.M. had reached 
the eight cell stage P.M. probable that development 
this species normally slow, but this rate can hardly con- 
sidered normal. Very young embryos the two and four cell 
stages were several times found the suprabranchial chambers 
and these when removed developed better than the artificially 
fertilized eggs. common with artificially fertilized eggs, they 
finally became viscid and adhered the containing dish. was 
found also that blastule and gastrule would fare better. 
They failed develop into swimming larve. Late trochophores 
and early veligers the other hand continued develop nor- 
mally when removed from the gill chamber sea water. Veligers 
removed prematurely showed great vigor and swimming ability, 
and were several times kept for two weeks sea water. Velig- 
ers withstand much rough treatment and survive poorly aerated 
and even foul water. Some were kept glass aquaria and fed 
diatoms for three weeks, but what extent they meta- 
morphosed and entered the wood that was provided was not 
learned. 

The gastrula invaginate, similar that many other mol- 
and annelids that produce small eggs with little yolk. The 
trochophore especially interesting because adaptation its 
parasitic mode life fails develop strong protoroch. The 
cells which normally develop this larval swimming organ are 
undoubtedly present and distributed broad equatorial band 
similar that many molluscs, and they are more extensive 
than most annelids. The protroeh apparently present and 
was described Hatscheck. found either absent feebly 
developed easily overlooked. The trochophore pear 
shaped slightly elongated and the average measures 
.059 .060 mm. length. begins transform into the 
veliger, strong cilia develop the velum, and the embryo be- 
comes motile long before ready expelled into the sea 
water shift for itself. 
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Duration Larval Period. 


Sigerfoos failed find free swimming veligers the water 
and both and Nelson speak the habits and duration the 
larva being unknown. The larval period from fertilization 
metamorphosis has usually been estimated about one month. 
evident, however, that varies somewhat with temperature 
being shorter tropical and sub-tropical regions than Woods 
Hole. 

have frequently found Teredo veligers, various stages 
development, settling upon horizontally placed boards and Nelson 
has more recently taken them tow,” well hovering about 
piles ready settle permanently. fact, corroborates the 
observations Harrington that the mature veligers Teredo 
are attracted wood and wood extracts. The duration the 
free swimming period has never been accurately determined. 
give attention this phase the life history publication this 
paper has been its study could completed and 
verified. The evidence now hand indicates that the entire 
developmental period from egg metamorphosing larva, 
about five weeks. least half this time required for de- 
velopment the gill the mother, leaving for the free-swim- 
ming period not exceed two three weeks. The evidence 
which this conclusion based derived various ways but 
indirect. Since the method and conclusion may questioned, 
the data are explained considerable detail the following pages. 

1925 the first eggs were laid between May and May 15, 
while the first young metamorphosed Teredo were found test 
blocks July and July These young, metamorphosed ship- 
worms measured .35 mm. mm. Evidence collected from 
many experiments carried out during the past two years shows 
that young Teredo this size have spent from days 
the wood, rather, that they settled and began metamorphose 
and burrow days previously. subtract days 
from July days from July June the approximate 
date when these Teredo ended their careers free swimming 
larve. Other young Teredo collected July measured mm. 
and these are known three weeks old, that three weeks 
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had elapsed since they settled upon wood. Subtracting twenty- 
one days from July gives the date June when metamorphosis 
began. The total larval period therefore between four and five 
weeks. Other data collected during 1925 lead the belief that 
the time more nearly five weeks than four. This method, 
though indirect, accurate, and was repeated many times the 
opening the breeding seasons 1925 and 1926. The experi- 
ments made determine the rate the metamorphosis and rate 
early growth were also repeated many times during the past 
two years and are also reliable. They show conclusively that 
young Teredo which measure one millimeter are approximately 
three weeks old. The spring 1925 opened unusually warm, 
although the winter was severe, that animals came out win- 
ter hibernation few days earlier than usual. The effect 
this was shown most markedly the rapid somatic growth 
many animals, but also affected slight extent the breeding 
seasons most animals. The date first settling Teredo 
larve Woods Hole usually about June 20, and the first 
spawning about May 10. The variation the spawning season 
from year year does not usually exceed two three days but 
may vary more than week. There evidence that some ani- 
mals begin breed only when the water rises certain tem- 
perature. This, however, means universal rule. 


Rate Growth. 


The veliger Teredo has the typical form common lamilli- 
branch but not thick nearly spherical sometimes 
described. Young veligers taken from the gills early stage 
development measure the average mm. Five 
specimens taken from two individuals measured follows: 
mm.; mm. These measurements represent the range 
variation length and breadth. One these seen edge 
view measured mm., and older one mm. 
Veligers ready begin their free swimming life, after spending 
two three weeks the gill the mother, measure some- 
what larger, the following examples show: .070 mm.; 
.090 mm.; .075 mm.; These measure- 


NATURAL HISTORY SHIPWORM. 275 


ments not only indicate some growth but also that considerable 
variation exists the relative measurements. The range 
variation ratio length breadth and also length hinge 
line great. Veligers fed upon diatoms for one week meas- 
ured from mm. mm. The size at- 
tained the time metamorphosis was not learned, but Nelson 
gives .25 mm. length. have collected several 
hundred young metamorphosing Teredo, which had burrowed 
into wood, varying age from two three weeks after settling. 
These range size from .35 mm. mm. The smaller ones 
two weeks have almost completed metamorphosis and have 
from two three rasping ridges rings growth the shell. 
Individuals three weeks old have four rings growth and 
typical Teredo shell. three weeks age the Teredo prac- 
tically spherical and its burrow, when exposed cutting away 
the surface the wood, hemispherical pit. The young worm 
now begins elongate rapidly and the end one month its 
burrow measures from mm. length, and has diam- 
eter 2.5 mm. The shipworm when expanded fills its bur- 
row that, measuring the rate growth, the size the 
burow may taken the correct measure the enclosed worm. 
When the shipworm removed from its burrow, contracts 
one half two thirds its expanded measure. Tables and 
show the rate growth from the egg adult size, and need 
not described detail. Measurements were taken every three 
four days, and the rate increase size from day day 
was found surprisingly rapid. 

should noted that the ages given the tables include only 
the time that elapsed from the time settling. the age from 
the egg desired, about thirty-five days should added these 
figures include the time from fertilization the end the 
free swimming period. The larval period excluded the fol- 
lowing description and from the tables. 

Growth during the first twenty-five days seems small but when 
the minute size the animal the beginning taken into ac- 
count, the growth not slow. From one month five months 
the increases shown during the intervals three four days, 


between measurements, are seen remarkably great. For 
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TABLE 
Rate Teredo navalis (SUMMER). 
Measurements the Largest Burrows Specified Ages. 

Date and Size Burrows Approximate 

Period Age. Length and Widest Length 

Growth. Diameter (Metric). Inches. 
July July 26....| days visible Teredo burrows. 


July 1923 July 1924 One year 250 400 mm. 7.8 9.4 in. 


in. 


Note:—The left hand columns Tables and represent the time 


exposure timber the sea water. 


Thus, consider the first item 


Table timbers were exposed sea water July and examined 
for Teredo July 26, making ten days the maximum age the infest- 


ing Teredo indicated the second column the table. 


gives the measurements the infesting Teredo any. 
The measurements given these tables are actual cases and not aver- 
ages. Many more were measured than are given here but the data given 


are considered typical. 


Column three 


all cases the larval period omitted. The age from fertilization 
may approximated adding thirty-five days the age given here. 
Timbers exposed forty-three days, July August contained sex- 


ually mature worms. Other similar data show that Teredo under favor- 
able conditions becomes sexually mature six weeks Woods Hole. 
The item second from the bottom Table shows that Teredo does not 
reach adult size during the first season (June December 1). 
growth takes place after December (See also Table 6.) The last item 
the table shows that adult size attained one year (July 1923 
July 1924). The largest specimen found Woods Hole measured forty 
centimeters length. was precisely one year old. 


example, the length the largest burrows twenty-five days 
mm., forty-three days mm. Davenport claims that 
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growth size partly due swelling the absorption water. 
easier account for this phenomenal growth this way than 
suppose that the change size represents only protoplasmic 
growth and actual cell multiplication. 

has been repeatedly found that Teredo navalis Woods Hole 
sexual maturity and spawns from six eight weeks after 
entering the wood metamorphosing larva. The youngest 
spawn were six weeks old, and their burrow measured one 
and one half inches (38 mm.) length. They spawned 
abundance the age two months when they measured 
inches (50 mm.) length. Sexual maturity reached 
long before adult size attained, since fully developed ship- 
worm measures from inches (30 cm.) length. 

The larve that metamorphose first season almost reach 
adult size December the largest ones, measuring from seven 
nine inches (17.5 22.5 cm.) length. During December, 
January, February and early March ship worms are practically 
dormant and not grow perceptibly. Then they may said 
awaken and the first July the oldest have reached maxi- 
mum size. The largest specimen found Woods Hole meas- 
ured inches length and inch widest diameter 
cm.). grew 2x4 test take which was the 
water from July 1923 July 1924. Others measuring from 
inches are common. Larve which enter the wood later 
the summer, even October lie dormant over winter and 
resume growth the following spring. was shown that growth 
greatly retarded after the first November, especially the 
part the youngest Teredo. Table shows the rate growth 
for the entire year including the winter. has already been 
stated that Teredo reaches adult size one year and dies during 
the second year. 

Teredo navalis said grow slightly larger size sub- 
tropical climates than Woods Hole. stated above the largest 
specimen found this northern locality four years’ study 
measured forty centimeters length and one centimeter great- 
est diameter. 
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Note:—Table shows, primarily, the amount growth attained 
Teredo during the first season the beginning the hibernation period 
(Dec. 1). shows not only that the earliest larve the season fail 
reach maturity (adult size) the first season, but also gives the amount 
growth attained the later larve the season well. 

The first five items this table show that Teredo larve which enter the 
wood after September will not attain sufficient size detected the 
wood Decvember Timbers exposed the water late Au- 
gust the other hand are likely contain Teredo measuring 
mm. length the end the growing season (Dec. 1). 

The last two items the table show that timbers exposed the water 
between Sept. and Sept. become infested Teredo and that they 


appear the wood the following July, although they remain too small 
during the winter detected. 


The latest infestation observed Woods Hole occurring Eel Pond 
was Sept. 23, and Vineyard Sound Oct. 10. may sometimes occur 
somewhat later than this, since the point was not sufficiently investigated. 
Table shows that growth the late fall very slow compared with 
summer growth given Table and data not tabulated show that 
practically growth takes place Teredo Woods Hole between Dec- 
and March Some observations indicate that the gonads begin 
proliferate extensively before there detectable body growth the spring. 


SUMMARY. 


Teredo navalis occurs abundance Woods Hole and vicinity 
and has been known there for many years. 

The breeding season extends from about May October 
10. Spawning begins the spring when the water reaches tem- 
perature between 11° and 12° Spawning each female 
occurs several times during the season. lunar periodicity 
spawning occurs and there are broods caused synchronous 

The eggs are retained the gills the mother during cleav- 
age and early larval development. 

The time required for the fertilized egg complete larval de- 
velopment metamorphosis approximately five weeks Woods 
Hole. About half this time passed the brood pouch and 
half free swimming veliger. 


When eggs and early embryos are removed from the gills they 
not develop normally. 


The trochophore Teredo non-motile, having either feebly 
developed protroch none. 


Teredo navalis reaches sexual maturity six weeks two 
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months after metamorphosis when measures four five centi- 
meters length. reaches adult size year, and dies dur- 
ing the second year. The largest specimen collected four years 
measured forty centimeters length and one centimeter great- 
est diameter. 

The rate growth during the summer months and also during 
the winter was determined and tabulated. Certain habits ship- 
worms were also observed and recorded. 


Practical Measures. 


Because numerous inquiries lobstermen and owners 
small boats concerning methods preventing damage ship- 
worms, series experiments was made the effect drying 
upon Teredo. These experiments were not extensive but suffi- 
cient show that simple but effective precautions may taken. 

Teredo larve first begin enter wood between June and 
June and stop about October 10. Shipworms not enter 
wood any other time during the year. Little damage 
done wood until has been the water one full month. The 
largest the young shipworms are only one fourth inch 
long the end one month but they attain length one inch 
six weeks. is, therefore, advisable dry lobster-pots and 
boats once per month and leave them out the water exposed 
the sun for one week. This especially true July and 
August when most the damage done. Shipworms small 
timbers are killed five days’ exposure sunlight, but 
stakes and larger timbers require from week ten days for 
drying sufficiently kill all the worms. 


(1) Infested lobster-pot lath: 

(a) After exposure air bright sunlight for day, 
seemed dry but some the infesting shipworms 
were still alive. 

(b) After exposure air bright sunlight for days, some 
shipworms alive. 
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(c) After exposure bright sunlight for days, all ship- 
worms dead. 

(2) Infested lobster-pot lath: 

(a) After days shelf laboratory, all worms contracted 
and shrunken, some which regained plumpness and 
normal activity when placed sea water. Sperma- 
tozoa and larve taken from these shrunken worms 
showed activity. 

(b) After days shelf laboratory—all worms, sperm 
and larve dead. 

(3) Infested stakes: 

(a) After exposure air sunlight for days; many 
shipworms dead, some living. 

(b) After exposure air sunlight for days; all ship- 
worms dead. 

(4) Infested stakes: 

(a) After exposure air shade for days; many worms 
dead but some living. 

(b) After exposure air shade for days; none living. 


infested stakes are exposed air the shade but kept 
wet some worms may live for several weeks. 
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INTRODUCTION. 


This the first series studies human twins based 
upon considerable collection pairs taken from the environs 
Chicago. These studies have been carried collaboration 
with Professors Freeman, Holzinger, and Mrs. Blythe 
Mitchell. The original objective this research project was 
secure adequate collection monozygotic and same-sexed 
dizygotic twins about whose diagnosis could certain. With 
this objective attained, was proposed make intensive 
comparative psychological study the two types twins 
determine, possible, the influence heredity and environ- 
ment upon the various mental traits. This old and some- 
what hackneyed problem, but one that has never been all sat- 
isfactorily solved. seemed us, however, that all previous 
studies had been inadequate because methods diagnosing the 
two types twins were unsatisfactory. The one crying need 
then was for satisfactory method diagnosing monozygotic 
twins, and the working out such method was assigned the 
present writer. 


COLLECTION AND CLASSIFICATION MATERIAL. 


The objective set the collaborators this study was the col- 
lection fifty pairs identical twins and fifty pairs fra- 
ternal twins. order simplify our task, decided elimi- 
nate the disturbing factor sex dimorphism, 
confined our study twins the same sex, pairs which the 
twins were both boys both girls. 

first selection was practised among same-sexed twins, 
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but all cases were taken they came. each case was com- 
pleted informal vote the three four workers present was 
taken the category (identical fraternal) which the 
pair belonged. Rarely, ever, was there any difference opin- 
ion, but about one tenth the cases there was some uncertainty 
and these cases had studied more intensively. 

soon appeared that the collection identicals and fraternals 
was not going evenly, the fraternals being more numerous. 
our preliminary judgments their classification were accu- 
rate would need stop the collection fraternals and collect 
only identicals during the last stages the period study. 

When the adjudged mounted fifty-two cases 
(consisting twenty-four male pairs and twenty-eight female 
pairs) there were only forty-three (consisting 
twenty-five male pairs and eighteen female The sex 
ratio that time was very close normal expectancy: forty-nine 
male pairs forty-six female pairs. The question arose 
whether the proportion identicals fraternals was running 
according theoretical expectancy. 

Various methods have been used determine the proportion 
monozygotic dizygotic twins. One method involved the 
examination the fetal membranes considerable numbers 
twin births institutions where competent observers were able 
secure these important diagnostic data. Spat 1860 reported 
that, total one hundred eighty-four cases twins ex- 
the membranes, 24.6 per cent. were monozygotic. 
Brem 1891 reported 22.7 per cent. monozygotic twins out 
one hundred twenty-six twin births. Krahn 1891 reports 
per cent. monozygotic twins among one hundred twenty- 
seven twin births, but includes monozygotic two opposite- 
sexed pairs. Tigges found 1896, per cent. monozygotic 
twins among fifty-two twin births, and Quenzel 1894 reported 
20.4 per cent. monozygotics among one hundred eighty-one 
pairs twins. These percentages range from per cent. 
24.6 per cent. 

second method used several investigators for computing 
the proportion identical twins statistical character. The 
best known these methods Weinberg’s differential method.” 
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1902 Weinberg described his method follows: Assuming 
that sex determined the time fertilization and that about 


all zygotes will produce males and the other half fe- 


males, follows that there will equal numbers same-sexed 
opposite-sexed fraternal twins. If, therefore, double the 
number opposite-sexed twins and subtract the product from 
the total all twins, the remainder will represent the number 
monozygotic twins.” 

Applying this method large masses twin data found 
that the percentage monozygotic twins varies from 23.4 per 
cent. per cent., the percentage differing different coun- 
tries. This agrees rather closely with the percentages determined 
basis fetal membranes. 

Recently Knibbs (1926) has worked out formula for com- 
puting the number monozygotic twins the twin population, 
using data taken from the census Germany. His formula 
follows: The ratio monozygotic twins all twins 
pairs. This method gives 24.4 per cent. monozygotic twins 
Germany from 1906 

Applying Knibbs’ method the extensive twin data for the 
United States that presented Nichols (234,497 
219,312 2), discover that 26.42 per cent. 
this large group are monozygotic and that nearly per cent. all 
same-sexed twins are monozygotic. 

The question now arises whether our small random col- 
lection ninety-five pairs same-sexed twins was composed 
the expected number identical and fraternal pairs. Ac- 
cording our diagnosis there were forty-three pairs identicals 
and fifty-two pairs per cent. identicals in- 
stead the expected per cent. This but small discrep- 
and may have two meanings: Either the random selection 
twins has brought two three too many pairs identicals 
else some two three the pairs diagnosed identicals 
should classed fraternals.” probable that the former 
explanation correct, for very unlikely that the ideal ratio 
determined the basis 717,907 pairs twins would 
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realized exactly the first ninety-five cases selected random. 
fact, the close approach theoretical expectation actually 
realized almost too close. The conclusion may then drawn 
from this that our methods diagnosing identical and fraternal 
pairs cannot far astray. 

order complete the proposed collection fifty pairs 
identicals and fifty pairs fraternals, was then necessary 
select seven cases certain identical twins. Two cases fra- 
ternals were eliminated from the fifty-two cases fraternals 
order get down fifty cases. The two cases eliminated 
were chosen for the following reasons: one case one twin had 
lost three fingers and his palm was scarred that adequate 
palm print could taken; the other case one the twins 
showed with infected hand and palm print could ob- 
tained. Since, our diagnosis monozygosity, the palm prints 
were used highly important criteria, seems well eliminate 
these two pairs which the palm print evidence was incomplete. 
The two pairs eliminated were unequivocal cases unlike fra- 
ternal twins. 

have now complete data one hundred pairs same- 
sexed twins, fifty which have been classed identicals and 
fifty fraternals. doubt some our readers are wondering 
how can speak confidently about our ability classify all 
our cases either identicals fraternals. may said that the 
method was slow taking shape and was arrived only after 
intensive study the materials. 


The majority workers human twins seem have despaired 
arriving adequate classification twins into clean-cut 
categories: monozygotic and dizygotic. Years ago Thorndike 
found much difficulty with his cases that came the con- 
clusion that all twins belong single series and have similar 
origin. Lauterbach, 1925, after the study nearly two hundred 
pairs twins, found himself unable separate the same-sexed 
pairs with any assurance. tentatively classified per cent. 
the same-sexed twins monozygotic, percentage much too 
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high, suggesting that has included good many cases similar 
fraternal twins his group. 

The most recent study twins that Wingfield 
(1928) who studied one hundred two pairs twins selected 
random from the public schools Toronto and Hamilton, On- 
Taking all pairs twins they came there were accumu- 
lated seventy-six like-sexed pairs and twenty-six unlike-sexed 
pairs. The expectation would about per cent. like-sexed 
twins instead about per cent., the number found this col- 
lection. seems probable, therefore, that some unlike-sexed twins 
were overlooked. Wingfield made attempt separate the 
seventy-six like-sexed pairs into two groups, identicals and fra- 
ternals. His method was somewhat precarious. classed 
all those which seemed himself and the teacher 
have higher degree physical identity than siblings are likely 
exhibit. those pairs twins showing practically indis- 
tinguishable physical traits, judged the teachers the school 
and myself, were included the identical group. While 
not absolutely certain that all pairs included the identical group 
had identical heredity, the chances favor this being the 
case are very great.” The fact that classed identical over 
per cent. all the twins his group surprising view 
the fact that the statistical expectation only about per cent. 
seems probable then that Wingfield has included among the 
several cases similar fraternal twins. This 
further suggested the fact that found coefficient corre- 
lation only about for this group compared with 
obtained for our identicals. 

That possible develop method distinguishing be- 
tween identical and fraternal twins strongly suggested the 
fact that two European twin specialists claim able make 
such distinction with high degree infallibility. 

Dahlberg (1926), his monograph Births and 
Twins from Hereditary Point makes this 
following demands should satisfied for diagnosis 
monozygotism for grown-up pair twins: 

That the appearance the twins give impression 
very great resemblance identity. 
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“2. That during childhood, neighbors, school-fellows, 
have had difficulties distinguishing them and have sometimes 
confused them. 

That the configuration the ears does not show great 
dissimilarity. 

“4. That the finger prints show certain high degree simi- 
larity. 

That the anthropological measurements not show too 
considerable 

Siemen’s method (1927) somewhat more detailed and exact- 
ing. takes the very sensible view that single criterion 
monozygotic origin reliable, but that judgment doubtful cases 
should based upon identity many traits possible. 
emphasizes the rarity really questionable cases. Many years 
experience the study twins has developed him such 
degree confidence his method diagnosis that consid- 
ers that has been able reach certain diagnosis virtually 
every case twinning.” 

finds, others have found before and since, that the great 
majority all twins are either completely alike markedly 
different that there question about their diagnosis. care- 
ful study the certain cases should furnish criteria for diag- 
nosing the few doubtful cases. Thus study over hundred 
pairs unquestionable identical twins has resulted the fol- 
lowing for diagnosing monozygosity 


Traits which one-egg twins practically always agree and 
which two-egg twins agree only very rarely: 
Hair color and form. 
Eye color. 
Skin color. 
Downy hair the body. 


iS) 


Traits which one-egg twins differ only within narrow limits 
and which two-egg twins usually differ more 
widely. 

Freckles. 

Appearance blood the skin. 

Follicular processes. 

Tongue (furrowed not) and teeth. 
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Traits which one-egg twins usually, and two-egg twins 
rarely show strong 
Form face. 
10. Form ears. 
11. Form hands. 
12. Body build. 
13. Mentality. 
14. Illness and abnormality. 
15. Traits studied special methods—finger prints, etc. 


Our own method diagnosis has been considerably influenced 
the methods Dahlberg and Siemens, especially the 
latter, but somewhat different from any previously used. Our 
effort has been combine the best features all known methods. 

After our own method was developed and while reading 
Wingfield’s monograph, the writer noted reference short 
note Science Taku Komai (1927) entitled Criterion 
for Distinguishing Identical Twins from Fraternal Twins.” The 
criterion described has with finger prints and palm and 
sole prints twins. speaking,” says, “the same 
hands feet the identical twins resemble each other more 
closely their patterns than the two hands feet the same 
individual.” This have found very frequently true, but 
the formula needs modification, will shown below. 


The method identifying monozygotic twins used the pres- 
ent work may now described detail. great deal atten- 
tion has been given this matter, for realize that the sound- 
ness our conclusions heredity and environment depend 
upon the correctness this diagnosis. 

the beginning, may said that over per cent. 
our cases there was any doubt their classifica- 
tion. The great majority one type twins are strikingly 
similar that their monozygotic origin obvious. Their resemb- 
lance not confined gross physical correspondence, but 
extends tones voice, gestures, and peculiar mannerisms. 
One soon becomes sensitized the intangible correspondences 
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identical twins and diagnoses them almost glance. The great 
majority the other type twins strike one once en- 
tirely unlike, often being more different than average brothers 
sisters. About these there question after the first glance. 
Our ability diagnose cases improved during the course our 
study and found that there was difficulty all diag- 
nosing the last half the pairs that presented themselves. Two 
the very early pairs were diagnosed doubtfully that, when 
reéxamined after year experience, offered difficulty 
all. Two other cases were left uncertain because allowed 
ourselves influenced statements the mother. About 
these cases there should never have been any question had the 
mother not been loquacious. 

Out one hundred two pairs twins there was justifiable 
doubt about only six cases. These cases have all been diagnosed 
satisfactorily with the possible exception No. 61, which still 
remains slightly uncertain. 

The following are our criteria for diagnosing identical (mono- 
zygotic) twins. 

They must strikingly similar general appearance in- 
cluding various intangible resemblances. 

They must essentially identical hair color, texture and 
form. 

They must have the same shade eye color and form 
iris. 

They must have the same skin color and texture (com- 
plexion) except when one more tanned than the other. 

They must have marked differences features; shape 
ears; shape, size and arrangement teeth. 

They must have hands the same type and nearly equal 
size. 

The general microscopic character the papillary ridges 
fingers and palms must essentially the same. 

There must stronger cross resemblance than internal re- 


semblance one more the details finger and palm pat- 
terns. 


The presence reversed asymmetry handedness hair 
whorl one twin confirmatory evidence monozygosity, but 


q 


STUDIES HUMAN TWINS. 


its occasional presence unlike twins not taken 
indication monozygosity. 

great deal stress has been laid upon the diagnostic value 
the palm and finger patterns. While this criterion alone 
inadequate for certain diagnosis, surprising how few mis- 
takes were made our effort diagnose monozygosity this 
basis alone. the first forty-two cases which judgment 
was attempted the basis palm and finger prints alone, there 
was disagreement only two cases with the judgment based 
general resemblance. Our method has been classify all cases 
the basis the first six criteria and then check this classifi- 
cation criteria and 


PALM AND FINGER PRINTS CRITERIA. 


The intensive study palm and finger patterns perhaps the 
best single diagnostic aid. After scrutiny the first thirty 
forty sets palm prints the writer began notice important 
about the palm and finger patterns strikingly identical 
twins: namely, that, instead showing mirror-imaging pat- 
terns (involving the resemblance the right hand one the 
hand the other) the two hands one the twins were 
direct duplicates major features the two hands the other. 
Specifically, the right hand one twin more like the right 
hand the other than like own left hand, and the left hand 
one twin more like left hand other than like own right hand. 
Thus cross resemblance between the two twin individuals 
stronger than resemblance between the two hands the same 
individual. 

Among twins that are somewhat less alike the same rule holds 
somewhat modified form. Thus right hand one twin may 
like right the other, left one like left the other, 
but the close resemblance does not extend both sides. still 
other pairs twins which one distinctly left-handed, there 
reversal that the right hand each twin 
like the left hand the other. every pair obviously 
monozygotic twins the rule holds that there stronger cross re- 
semblance between the hands one twin and those the other 
than between the two hands the same individual. The same 
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true ears, teeth, and other structures that show more 
jess asymmetry, but there more detail palm and finger prints 
and more objective method comparing them. the case 
the fingers the types patterns have been formulated all 
cases order obtain qualitative basis comparison, and the 
friction ridges all patterns (following the method Bon- 
navie, somewhat modified) were counted under binocular that 
quantitative comparison between the fingers one hand and 
those another possible. both qualitative and quantita- 
tive respects the rule that cross resemblance stronger than in- 
ternal resemblance holds, for identical twins. 

The studies palm main line and the occurrence 
and varied expression the six fundamental primitive patterns 
have been greatly facilitated the study paper now 
manuscript, the work considerable group experts, entitled 
Study Error the Interpretation and Formulation 
Palmar Dermatoglyphies,” Cummings, Keith, Midlo, Mont- 
gomery, Wilder and Wilder. Professor Cummings, 
evidently the guiding spirit the group this collaborative 
inquiry, has very kindly furnished with copy the manu- 
script and has thus made possible for study the palms 
our twins with far greater efficiency than would have been pos- 
sible without this assistance. 

With few exceptions the same rules cross resemblance apply 
the palmar main lines and patterns that apply finger prints. 
Most frequently the cross resemblance runs similarly all four 
respects: qualitative characters finger patterns, quanti- 
tative values finger patterns, palmar main line and 
the occurrence palmar patterns. Sometimes the cross re- 
semblance obvious only three four respects, sometimes 
two, only one; but greater between one hand one 
twin and either the same opposite hand the other twin than 
own hands, the rule considered hold good. 

While importance that the detailed analysis the 
finger and palm characters this collection twins should 
published, this hardly the appropriate place for it. One 
two separate papers devoted special presentation and analysis 
these data are planned for subsequent publication. 
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this time must ask the indulgent reader accept ten- 
tatively our criteria for diagnosing twins. With the publication 
the complete data used this diagnosis the methods used may 
put any test that seems 

Applying the criteria diagnosis above described the six 
pairs twins about which there was some doubt, three them 
fell readily into the category identicals and three were classi- 
fied similar fraternals. the present time the writer feels 
quite confident the correctness diagnosis the whole 
collection. The cases that might questioned some are the 
three cases similar fraternals just referred to. Before dis- 
cussing the problems arising out study identical twins, 
seems advisable devote few paragraphs the fraternal 
twins, especially the three cases most difficult diagnose. 


THE DIAGNOSIS FRATERNAL TWINS. 


the fifty-two pairs fraternal twins our collection, three 
similar fraternals,” and twenty-nine fraternals.” 
None the pairs show much the least similar 
the identical twins. The only cases that could possibly all 
question their classification are the three pairs, 
numbered 61, 15, and 74. Let carefully scrutinize these rather 
crucial cases the possibility that they might monozygotic 
twins the less nearly identical sort. 

Pair girls first impressed with their similar- 
ity. They were dressed exactly alike, arranged their hair alike 
and had very similar coloring. height there was but three 
eights inch difference; there were two and three fourths 
pounds difference weight. Head length was 13.95 mm., 
14.35 mm.; head width was 17.7 mm., that was 
17.9 mm. The hair both was general rather similar, but 
that was shade darker, softer, finer and not heavy. 
Eye color was the same both, type hazel. There was 
difference skin color. Ears were higher and narrower 
than those and had shorter lower lobe. has fuller lips; 
has the longer, more prominent chin. holds eyes wide open; 
has them nearly half closed. Bridge A’s nose more bowed 
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than that The teeth the two differ rather sharply, the 
upper arch being narrower and the teeth crowded and ir- 
regular, while those are regular. 

The finger print formulz are decidedly different 


Left Hands. Right Hands. 


The quantitative values the finger prints are: 


B—right hand B—left hand 


All four palm main line are different and the patterns are 
also different. 


Left Hands. Right Hands. 


Both are equally right-handed and both have clockwise hair-whorl. 

spite superficial rather close resemblance, then, there 
indication that these twins have had monozygotic origin. This 
was the most difficult case diagnose, but there seems now 
doubt that these twins are dizygotic origin. 

Pair 65.—This case was somewhat puzzling because the two 
girls are both rather peculiar appearance and are similar 
many peculiarities. 

17.1 mm. Hair both the same color and texture; eye 
color both the same shade blue; has lower brow 
and sullen expression about the eyes, while has contented 
expression. The skin somewhat more florid The ears 
the two differ greatly, having much longer lower lobe. The 
hands differ shape, those being broader and thicker. 
has shorter, more turned-up nose, distinctly wider mouth, fuller 
lips and fatter face. The teeth differ radically, the upper arch 
being wider and straighter across the front and with wider 
teeth. 

The finger print read follows: 


” 
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Left Hands. Right Hands. 


The quantitative values the finger prints are: 


hand A—left hand 
B—right hand B—left hand 


The palm formulz are follows: 


Left Hands. Right Hands. 


several respects there little more resemblance between right 
palm and fingers the two than their respective lefts, but this 
does not extend details. the whole these two girls make 
entirely different impression. One has rather pleasing, happy 
expression, the other sullen, lowering expression. The fact that 
ambidextrous both finger and wrist tapping suggests that 
she might the left-hand component monozygotic twin pair, 
but there are too many differences between them permit such 
diagnosis. 

Case 74.—These girls have many traits common, but show 
also some extreme differences. A’s height inches; B’s 
5334 inches. A’s weight was pounds; B’s 66% pounds. A’s 
head width 14.1 mm.; B’s 13.5 mm. A’s head length 17.6 
mm.; B’s Hair color, texture and crown whorl same 
both. Eye color both gray brown, but A’s eyes are dis- 
tinctly grayer and B’s browner. ears are distinctly larger and 
wider although her head considerably smaller. A’s eyes are 
wider spaced than B’s. nose larger, longer and different 
shape. teeth are crowded and overlap front, while A’s 
are straight. 

Finger print 


Left Hands. Right Hands. 


Quantitative values finger patterns: 


A—right hand A—left hand 
B—right hand B—left hand 
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Palm 


Left Hands Right Hands. 
A—(11.7.7.3) A—(11.9.7.3) O.0.0.L.D. 


Here again the palm suggests closer resemblance than 
actually exists, that have the same pattern for the two left 
hands, but the two palms also have the same pattern and 
are far more similar detail. Nowhere there stronger cross 
resemblance than internal resemblance. the whole there can 
doubt that these are fraternal twins. 

Apart from these three cases there are decidedly similar 
twins among the fifty-two pairs our collection. Twenty pairs 
are designated slightly fraternal twins and the re- 
“unlike” fraternal 
twins. The slightly similar fraternals show merely the degree 
resemblance common among siblings, while the unlike frater- 


maining twenty-nine cases are designated 


nals seem show hardly much resemblance average 
siblings. the three cases decidedly similar fraternals, 
except for their identity age, are more alike than are occa- 
sional siblings. the whole then, there seems nothing 
about these fifty-two cases out accord with their classification 
fraternal, dizygotic, twins. Hence there now ground 
for doubting the validity our classification the one hundred 
two pairs twins used this study, into the two categories, 
monozygotic and dizygotic. 


SUMMARY. 


The original objective these studies was the study the 
roles heredity and environment determining mental capaci- 
ties various sorts. 

The first essential was learn how diagnose with cer- 
tainty the two types twins, monozygotic and dizygotic. 

Only about per cent. all twins are monozygotic. Col- 
lections that depart widely from this figure have probably been 
incorrectly diagnosed. 


Only about per cent. same-sexed twins are monozy- 
gotic. 
The method diagnosis used this study combines the best 
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features the methods Dahlberg, Siemens, and Komai. Cer- 
tain refinements technique are added, the details which are 
explained the text. 

Out collection one hundred two pairs same-sexed 
twins, only six pairs caused any difficulty, three which are now 
classified monozygotic and three dizygotic. 

The details concerning the three “similar fraternals” are 
presented and the reasons for their diagnosis dizygotic twins 
are given. 

The result that have now collection fifty pairs 
monozygotic and fifty-two pairs dizygotic same-sexed twins 
accurately diagnosed. These are used for further biological 
and psychological study. 
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II. AsyMMETRY REVERSAL, IMAGING IDENTICAL 


NEWMAN, 


INTRODUCTION. 


One the most striking phenomena observed among monozy- 
gotic twins that the reversal asymmetry between the in- 
dividuals pair. Among armadillo quadruplets the present 
writer (Newman, 1916) found numerous instances which 
band scute doubling occurred the left side one twin and 
the right side the other. Such cases call mind the fact 
that human double monsters (Siamese twins) situs inversus 
viscerum occurs many cases. The same type asymmetry 
reversal was noted Swett and Morrill double-headed 
fish embryos. separate identical twins man has been 
noted that the incidence left-handedness one twin pair 
very much greater than among fraternal twins the gen- 
eral population single individuals. Asymmetry reversal the 
direction crown whorl the head hair seems have about 
the same incidence monozygotic twins, dizygotic twins, and 
single individuals has left-handedness. These two expressions 
asymmetry have been studied intensively the present in- 
vestigation and their significance will discussed some detail 
later. 


introduction this study seems well examine the 
phenomena handedness found among human beings. 
the first place, there are two distinct kinds handedness: 
that which genetically determined and that which the result 
twinning and therefore epigenetically determined. 

Genetic handedness evidently transmitted such way that 
any given zygote will give rise, when twinning occurs, 
right-handed left-handed single individual. There seems, 
however, varying degrees right- left-handedness. 
The majority individuals, apparently about eighty per cent. 
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single individuals, are definitely righ-handed; about four per 
cent. definitely left-handed, and the remaining sixteen per cent. 
partially left-handed ambidextrous. The incidence right- 
and left-handedness about what one would expect right- 
handedness dominant Mendelian unit character and 
handedness recessive. The ambidextrous individuals and those 
showing lesser degrees left-handedness may heterozygous 
individuals which the dominance right-handedness in- 
complete. 

The other type left-handedness, quite different origin and 
heritability, that which results epigenetically the result 
the twinning. Such left-handedness, being somatic modifica- 
tion would not hereditary: would merely expression 
asymmetry reversal due the development whole in- 
dividual from half embryo which had already become more 
less differentiated left-handed direction before the separation 
into twins has taken place. 

Thus genetic right-handed embryos which undergo twinning 
after some asymmetry has been established, the left-hand half 
embryo would the superior one and would give rise right- 
individual, since right-handed superiority due left- 
sided superiority the brain. Conversely, genetic left- 
handed embryo, the right side would superior and the left 
side the inferior side, which case the left-handed individual 
would retain the genetic asymmetry and the right-handed 
ual would exhibit asymmetry reversal. 

embryos genetically ambidextrous the right and left sides 
would equal and would produce twins both whom would 
ambidextrous. 


Previous DATA HANDEDNESS TWINS. 


good deal attention has been paid various authors 
the peculiar incidence left-handedness twins. Siemens 
(1924) found thirty-seven pairs identical twins twenty-six 
cases both right-handed, ten cases which one was right-handed 
and the other left-handed, and one case where both were left- 
handed. later paper the same writer reported larger 
number identical twins (the total number not given) which 
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there were twenty-one cases where one was right- and the other 
left-handed and three cases where both were left-handed. 

Weitz (1924) found among eighteen pairs identical twins, 
seven pairs composed right- and left-hander, ten pairs both 
right-handed, and one pair both left-handed. 

Dahlberg (1926) reports for sixty-nine pairs identicals 
fifty-three pairs both right-handed, twelve pairs one left-handed, 
and four pairs both left-handed. Adding the three sets cases 
together, have one hundred and twenty-four cases iden- 
tical twins divided follows: 


pairs, both right-handed, per cent. 
pairs, one left-handed, 23.4 per cent. 
pairs, both left-handed, per cent. 


Dahlberg has also studied the incidence left-handedness one 
hundred and twenty-eight pairs dizygotic twins. The follow- 
ing figures indicate his 


III pairs, both right-handed, 86.7 per cent. 
pairs, one left-handed 12.5 per cent. 
pair, both left-handed, per cent. 


will seen that the incidence left-handedness among 
identical twins over twice great among fraternal, four 
times great proportion the number zygotes involved, 
for pair identical twins involves only one zygote. Even 
among fraternal twins, the incidence left-handedness rela- 
tively high compared with the general population, which 
reported Jones (1918) about four per cent. Jones’ esti- 
mate, however, probably much too low and takes account only 
the most complete cases left-handedness. 

Lauterbach (1925) reports among fifty-seven same-sexed twins 
(not distinguished monozygotic dizygotic origin) twenty 
pairs which one was left-handed, about per cent. all cases. 
This higher incidence left-handedness than any previously 
reported, especially when taken into consideration that the 
group examined consists both identical and fraternal twins. 

The most recent data handedness twins furnished 
Verschuer (1927). found one more left-handed individ- 
uals 26.8 per cent. seventy-nine pairs identical twins and 
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26.3 per cent. the thirty-eight pairs fraternal twins. They 
were distributed follows: 


Identical Twins. Fraternal Twins. 
both right-handed. both 
one right- the other left- one right- the other left- 
handed. handed. 
both left-handed. both left-handed. 
one right-handed, the other 
ambidextrous. 


The percentage rather low compared with those others, 
particularly those Lauterbach and the present writer, but the 
difference probably due the inclusion only the cases 
complete left-handedness. The percentage pairs showing left- 
handedness among fraternal twins exceptionally high and not 
accord with the findings others. Possibly the relatively 
small number cases may the cause this discrepancy. 
Even more probable, seems me, the inclusion among 
fraternal twins few the least similar identical twins among 
whom left-handedness common. 


CRITERIA HANDEDNESS. 


There are many cases, course, where the twins are (or were 
earlier period) obvious left-handers, but there are also many 
cases where congenital left-handedness obscured training 
the right hand and suppressing the left. Such cases often result 
sort ambidextrality ordinary manipulations. our 
work have used test handedness speed tapping with 
wrist and fingers. all cases complete left-handedness the 
tapping tests confirm the left-handed diagnosis. appears 
safe then use the tapping tests reveal native left-handedness 
obscured right-hand training various degrees partial left- 
handedness. 

good many cases partial left-handedness were revealed 
tapping tests. Among identical twins, addition the eleven 
pairs showing complete left-handedness, there were thirteen pairs 
(both whom considered themselves right-handers) which 
some degree left-handed superiority was revealed one 
both members the pair. three these pairs both members 
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were shown partially left-handed, and two pairs both 
members were definitely ambidextrous. 

Among fraternal twins, addition six pairs which one 
individual was completely left-handed, there were five pairs 
which one individual was partially left-handed, two pairs 
which both were partially left-handed, and two pairs which one 
individual was right-handed and the other ambidextrous. 

Assuming that all these cases represent grades left-handed- 
ness have added the seventeen pairs showing complete left- 
handedness twenty-two pairs showing partial left-handedness, 
total thirty-nine out one hundred pairs which some degree 
left-handedness appears one both members pair. 
This high percentage would much like that found Lauter- 
bach (35 per cent.) omitted the cases ambidextrality. 


Crown EXPRESSION ASYMMETRY. 


well known, the head hair the crown twists whorls 
either clockwise counter-clockwise direction. The great 
majority individuals show clockwise hair-whorl, and therefore 
clockwise asymmetry may considered the normal and coun- 
ter-clockwise asymmetry the reversed asymmetry. Various 
writers have called attention sporadic instances reversed 
crown whorl, and few cases have been described for identical 
twins. 

Only one writer, however, has thus far made systematic study 
crown whorl twins. Lauterbach (1925) study re- 
semblances and differences twins has presented some very in- 
teresting data. Out fifty-seven pairs same-sexed twins 
there occurred fifteen pairs which one both twins showed 
counter-clockwise hair-whorl. one these cases both twins 
were counter-clockwise. This means that about twenty-six per 
cent. the pairs same-sexed twins showed asymmetry re- 
versal hair-whorl. addition these, there were six cases 
showing double crown which one half the whorl has clock- 
wise and the other counter-clockwise direction. These cases 
are possibly comparable ambidextrality handedness and 
should probably listed form asymmetry reversal. Add- 
ing these six cases, the percentage pairs showing more 
less reversed hair-whorl among same-sexed twins comes nearly 
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per cent., not unlike the percentage left-handedness the 
same set twins, which was per cent. 

our own collection one hundred pairs same-sexed 
twins there are all ninety-five pairs which was possible 
determine the hair-whorl. five pairs (three identicals and 
two fraternals) the kinky closely matted character the hair 
rendered diagnosis hair-whorl extremely difficult impos- 
sible. Among the identicals there were twenty pairs showing 
some form asymmetry reversal crown-whorl. fifteen 
pairs one twin showed clockwise and the other counter-clockwise 
whorl, three pairs both twins were counter-clockwise, and 
one pair one twin had double crown and the other clockwise 
whorl. The remaining twenty-seven diagnosed pairs showed clock- 
wise hair whorl both twins. 

Among fraternal twins there were but five pairs having any 
form asymmetry reversal hair-whorl. four these pairs, 
one twin was counter-clockwise, and one pair one twin had 
double crown and the other clockwise whorl. 

the case handedness, there are doubtless instances 
incomplete asymmetry reversal that are not. recognizable. Prob- 
ably some the crowns diagnosed slightly clockwise in- 
definite may cases partial asymmetry reversal. 

has one advantage over handedness criterion 
reversal asymmetry that not subject modification 
training and therefore somewhat surer sign asymmetry 
reversal than left-handedness. 


THE RELATION BETWEEN HANDEDNESS AND CROWN 


only ten pairs our identical twins find reversed 
asymmetry any sort (either left-handedness, counter-clockwise 
hair-whorl, both) both twins pair. eight these 
cases (73, 25, 23, 87, 43, 38, 27) both twins pair are left- 
handed both have counter-clockwise hair whorl. would 
seem natural assume that all such pairs have been derived 
from zygotes, genetically left-handed. But what shall 
with the other two cases (13 and 72) which one twin each 
pair plainly left-handed and the other clearly counter-clock- 
wise hair whorl? Since both these indications are valid 
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criteria reversed asymmetry there seems escape from the con- 
clusion that these two pairs also are derived from genetically left- 
handed zygotes. 


LECTION TWINS. 


When the present study began, the writer was keenly the 
lookout for evidences asymmetry reversal identical twins. 
The expectation was that the more strikingly identical the twins 
were, the more evidence asymmetry reversal would present. 
Before the study was half over seemed certain that this expecta- 
tion was not realized. fact, the very opposite this 
appeared true, namely, that the least evidence asym- 
metry reversal appears among those twins that are practically 
indistinguishable, while the twins that are less nearly identical 
show the most evidence reversal asymmetry. 

order test out this conception, the writer tried arrange 
the fifty pairs identical twins the order their closeness 
resemblance, including resemblances features, height, weight, 
headsize, finger prints and palm prints. After this was done, 
Mrs. Blythe Mitchell, the one who has had the most intimate and 
prolonged acquaintance with the twins, was asked rearrange 
the cases according her impression the degrees identity. 
the whole, there was very close agreement, case being 
changed more than few places down the series. Using 
the photographs, worked over all cases together and arrived 
the arrangement shown Table I., which not intended 
exact, place for place, but certainly represents real grouping 
the sense that the first five pairs are more similar than the 
second five, the second five than the third, the ninth five than the 
tenth. Within groups five the order might more less 
shifted the criteria resemblance are not entirely objective, 
but depend large extent upon one’s judgment degrees 
facial resemblance. the following table asymmetries hand- 
edness, crown-whorl, and head dimensions are given for the 
fifty pairs arranged fives, beginning with the most alike and 
ending with the least alike. this table and indicate defi- 
nite right- and left-handedness, indicates partial left-handedness, 
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indicates ambidextrality; indicates clockwise, the com- 
mon type and indicates counter-clockwise hair- 
whorl. Double hair-whorls are indicated —). 


102 


Handed- 
ness. 


uw 


Remarks. 


Negroes. Crown-whorl 
could not made out. 


shows partial asymmetry 


reversal crown. 


left-handed wrist tap- 
ping. 


partial asymmetry 
reversal crown. 


incompletely reversed 
crown; left-handed 
finger tapping. 

completely reversed 
crown; nearly ambidex- 
trous. 


17.8 15.0 
18.1 15.0 
18.3 14.2 
17.9 13.9 
18.8 
18.7 
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100 


Handed- 


ness. 


Remarks. 


more left-handed than 


more decidedly left- 
handed. 


Bats left-handed naturally. 
Left-handed finger tap- 
ping. 


Left both wrist and 
finger tapping. 
Left finger tapping only. 


18.40 14.7 
19.7 14.0 
19.1 15.3 
15.5 
18.1 13.3 
17.95 14.35 
17.9 13.9 
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(Continued.) 
wrist tapping. 
trous. 
finger tapping. 
B g R + 17-7 13.9 
finger tapping. 
finger tapping. 
playing marbles. 
wrist and finger tapping. 


finger tapping. 


| 
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HANDEDNESS RELATION DEGREES RESEMBLANCE. 


this table there are listed twelve pairs twins one member 
which fully left-handed and, addition these, there are 
eleven cases that show partial left-handedness one both in- 
dividuals the pair. Besides the twenty-three cases showing 
some degree left-handedness, there are two cases which 
both members the pair are classed ambidextrous. Thus 
exactly fifty per cent. our pairs identical twins there some 
degree left-handedness. 

significant that the first case the series show complete 
left-handedness seventeenth out fifty. There are only two 
cases partial left-handedness among the fifteen most strikingly 
similar set twins, while some degree left-handedness be- 
comes the rule rather than the exception from the sixteenth 
the end the list. 


The incidence asymmetry reversal crown hair whorl fol- 
lows the same general lines does left-handedness. the first 
ten pairs there but one case (No. 63, third place) that shows 
true counter-clockwise hair-whorl. Two other cases (No. 
sixth place, and No. 35, tenth place) show mixed hair- 
whorl partly clockwise and partly counter-clockwise. There 
also one case double hair-whorl, one whorl being clockwise, 
the other counter-clockwise (No. 40, fourth place). The most 
frequent incidence counter-clockwise hair-whorl one twin 
occurs among the middle grade twins, neither the most alike the 
most different. This true also left-handedness, and such 
correspondence the incidence two forms asymmetry re- 
versal must have some real significance. 


Tue RELATION BETWEEN HANDEDNESS AND SIZE. 


the following study both left-handedness and counter-clock- 
wise hair-whorl are taken equivalent criteria either genetic 
epigenetic reversal asymmetry. For the present shall 
omit from consideration the ten pairs twins (Nos. 73, 25, 23, 
13, 87, 43, 38, 72, and 27) that were diagnosed derived from 
zygotes genetically left-handed. These are starred the list. 
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Before discussing the relation head-size handedness 
should said that there undoubtedly some inaccuracy the 
figures for head dimensions. Repeated measurements the same 
head rarely give exactly the same result. Dahlberg has calculated 
that the average error head measurements about 0.5 mm. 
seems probable that our own errors were least great 
this, and probably greater. Hence differences more than 
mm. may ignored considered without significance. 

Glance with down the list forty pairs identical twins 
not previously diagnosed derived from genetically left-handed 
zygotes. all, there are seventeen pairs which one twin may 
classed right-handed, the other left-handed, and which 
there significant difference head size. thirteen these 
pairs (63, 67, 102, 68, 33, 53, 44, 70, 28, and 41) the right- 
handed individual, derived from the superior side the embryo, 
has distinctly larger head. 

The four other cases (49, 79, 101 and 34) reverse this condition, 
the left-hander has the larger head, though case ambiguous 
that one twin slightly left-handed tapping and the other 
nearly ambidextrous and may therefore belong with the list 
ten diagnosed derived from left-handed zygote. The other 
three cases (49, and 101) are valid exceptions. Let con- 
sider these cases carefully. What would happen the case 
genetically left-handed zygote one the twins underwent 
asymmetry reversal? Obviously the reversed twin would 
right-hander, and should have the smaller head. This interpre- 
tation appears fit cases 49, and 101. would strange 
some cases such these did not occur view the existence 
genetically left-handed zygotes. 

This hypothesis, that head size correlated with handedness, 
may checked still further examining the ten pairs twins 
diagnosed derived from genetically left-handed zygotes. 
these, eight show significant difference head size. These eight 
cases deserve individual attention 

Pair No. confusing case. Twin shows left- 
handedness finger tapping and has partially 
whorl; twin practically ambidextrous tapping and has 
well-defined counter-clockwise hair-whorl, the only really posi- 


wr : ay: 


310 NEWMAN. 


tive indication left-handedness present the pair. This twin 
(B) has the larger head. 

Pair No. this pair both twins are right-handed and 
both have counter-clockwise hair-whorl. impossible decide 
which these has been derived from the superior side whether 
they are derived from right-handed left-handed zygote, for 
the handedness and hair-whorl completely contradict each other. 

Pair No. twins are ambidextrous, and both have 
clockwise hair-whorl. Twin with the larger head, more 
nearly left-handed than 

Pair No. while ambidextrous, tends more 
left-handed than and has counter-clockwise hair-whorl; twin 
ambidextrous and has hair-whorl. Evidently 
the left-handed (superior) individual, and has the larger head. 

Pair No. twins are partly (probably natively) left- 
handed. Twin has counter-clockwise hair-whorl, twin clock 
wise. the more distinctly left-handed twin, has the larger head. 

Pair No. twins are partially left-handed and both 
have counter-clockwise hair-whorl. left-handed both wrist 
and finger tapping; only finger tapping. the more left- 
handed, has the larger head. 

Pair No. strongly left-handed but has clockwise 
twin right-handed but has counter-clockwise hair- 
whorl. impossible say which individual should diag- 
nosed from the superior side, since the two criteria seem 
equal value. the two the reversed hair-whorl somewhat 
safer criterion, and happens that the twin (B) with the 
counter-clockwise hair-whorl has the larger head. 

Pair No. right-handed; slightly left-handed 
wrist and finger tapping. Both have counter-clockwise hair- 
whorl. Twin the partially left-handed member the pair, 
has the larger head. 

All these eight cases except pair 25, which neutral, support 
the conclusion that the twin derived from the genetically superior 
side (the right side these cases) the embryo has the larger 
head. 

One other class cases remains dealt with, those which 
significant difference head size exists without any complete 
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asymmetry reversal handedness hair-whorl. There are nine 
such pairs (62, 80, 55, 30, 97, 69, 18). all but two 
these cases (3, 55, 30, 97, 69, 18) one twin was definitely 
more right-handed than the other and the more right-handed in- 
dividual has the larger head all pairs. pairs and 
both twins are equally strongly right-handed and offer neutral 
evidence. Instead weakening the general theory, then, all 
these cases, where varying degrees difference right-handed- 
ness but true left-handedness occur, tend strongly support 
it. There beyond question strong correlation between hand- 
edness and head size. With very few exceptions indeed, the twin 
having the larger head shows evidence having been derived 
from the genetically superior side the embryo; from the left- 
hand side twins derived from zygotes genetically destined 
form right-handers, and from the right side zygotes destined 
form left-handers. 


TWINNING AND THE ASYMMETRY MECHANISM. 


The data just presented have given rise theory that seems 
rationalize for the first time the peculiar incidence reversal 
asymmetry twins. well known that some groups 
animals, notably those characterized striking degree 
determinate cleavage, bilateral symmetry and asymmetry are es- 
tablished the undivided zygote before the time the 
first cleavage. those forms, the other hand, that show 
strong tendency toward indeterminate cleavage, notably the ver- 
tebrates and echinoderms, symmetry and asymmetry are not 
definitely fixed -until considerably later development. The 
writer’s work (Newman, 1924) asymmetry reversal the 
starfish indicates clearly that asymmetry fixed before the time 
gastrulation, for reversal asymmtry could induced 
embryos older than late blastulz. 

There are also indications among the vertebrates that asym- 
metry established prior during gastrulation. Thus the 
nine-banded armadillo, the only case twinning among mammals 
where the stage which twinning occurs definitely known, 
has been found that the first step the twinning process usually 
precedes the period which symmetry and asymmetry are es- 
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tablished and that the second step twinning takes place during 
the process the establishment the axis symmetry. 
analogy, may infer that twinning man takes place close 
association with, and possibly aberration of, the process 
establishing and fixing the relations symmetry and asymmetry 
the embryo. 

Now, since biologic processes takes place with the same 
clock-like precision all specimens, may suppose that the 
twinning act some cases consummated during relatively early 
stages the establishment symmetry and asymmetry, and that 
other cases established later. the cases which twin- 
ning occurs relatively late, the establishment single bilateral 
individual may have gone far that twinning im- 
possible. This probably the case all partial twinning, re- 
sulting conjoined twins and double monsters. such twins 
one the most striking features the occurrence profound 
reversal asymmetry, expressed more less complete 
situs inversus 

then, may assume that conjoined twins with the most 
extreme reversal asymmetry the inferior component, repre- 
sents one end the series twins, natural assume that 
the opposite end the series represented cases which 
twinning consummated before any asymmetry fixed. such 
cases the twins would derived from two equivalent primordia 
which had not yet been differentiated into right- and left-hand 
sides. When, later, asymmetry comes established these 
two genetically equivalent and still undifferentiated embryos, 
should follow the same course both and each should develop 
the same asymmetry the embryo would have done had not 
undergone twinning. Thus, the original embryo was genet- 
ically right-hander, two right-handed twins should simi- 
larly, the original embryo was genetically left-hander, two 
left-handed twins should result—a condition not uncommon 
among twins, but hitherto unexplained. such twins would 
expect high degree same-sided asymmetry such details 
palm and finger prints, ear shape, dentition, handedness, hair- 
whorl, etc. Moreover, since the two twins are derived from two 
primordia that have not yet become differentiated right- and 
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left-hand components, the two resulting twins would expected 
very strikingly similar, more similar than would twins 
separated after asymmetry had been more less fixed the 
embryo from which they are derived. 

Thus the earlier twinning occurs with respect the establish- 
ment asymmetry, the more similar should the resultant twins 
and the less should they show such evidences reversal asym- 
metry left-handedness and counter-clockwise hair whorl. This 
explains why these criteria asymmetry reversal are rarely pres- 
ent the most strikingly similar twins and are increasingly com- 
mon among identical twins that are less similar. 

this theory sound, and there much evidence its favor, 
have discovered another mechanism, not classifiable envir- 
onmental, that operates make identical twins different. This 
factor, the asymmetry mechanism, may the main, not the 
only, factor responsible for observed differences between identical 
twins reared together. Consequently would quite unsafe 
infer that any differences between such twins are due differ- 
ences environment training. the other hand, once 
have established the average degree difference between 
identical twins reared together, should able use this 
base line determining what extent, cases identical 
twins reared apart, the differences environment have operated 
increase the physical mental difference. 

This theory goes far explain why some, but not all, pairs 
twins show left-handedness and counter-clockwise hair-whorl 
one twin pair; why there should occasional cases which 
both twins pair are left-handed have counter-clockwise 
hair-whorl; why there should various degrees incomplete 
asymmetry reversal the result separation twins prior 
complete establishment asymmetry. The establishment 
asymmetry progressive process and takes some time be- 
come fully fixed. Hence may expect find that twinning 
early the process will result little any signs asymmetry 
reversal one the twins, and that twinning occurring late 
the process will result extensive reversal asymmetry one 
the components. 

brief, this theory seems clear many not all the 
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formerly baffling asymmetry situations found twins. lacks 
experimental confirmation, but this must from the nature 
the material. Yet the data themselves almost speak out the theory 
their own accord. 

SUMMARY. 


Reversal asymmetry monozygotic twins expresses itself 
varying degrees, ranging from complete situs inversus viscerum 
conjoined twins left-handedness counter-clockwise hair- 
whorl separate twins. 

There are two kinds handedness: genetic and epigenetic. 
Genetic right- and left-handedness have about the incidence, re- 
spectively, dominant and recessive allelomorphs. Epigenetic 
left-handedness (or genetic left-handers, right-handedness) 
results from twinning, the inferior side having asymmetry 
opposite that the superior side. 

Arranging fifty pairs identical twins the order their 
closeness physical resemblance, found that there very 
little evidence asymmetry reversal among the most similar 
twins, while the less similar twins show high degree it. 

Clockwise hair-whorl has about the same incidence right- 
handedness, and counter-clockwise hair-whorl that left-hand- 
edness. 

Varying degrees partial left-handedness and ambidex- 
trality are revealed tapping tests. 

Ten pairs identical twins show asymmetry reversal 
both members pair and are therefore diagnosed derived 
from genetically zygotes; three pairs showing 
asymmetry reversal but one twin should probably classed 
the remaining thirty-seven pairs are believed 
derived from right-handed zygotes. 

There very close correlation between head size and 
handedness. The twin derived from the superior side the em- 
bryo nearly always has significantly larger head. 

The reason why many but not all identical twins show asym- 
metry reversal one twin that the epigenetic establishment 
asymmetry takes place sometimes before and sometimes after 
twinning. takes place before twinning the twins will show 
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high degree asymmetry reversal; takes place after the 
twinning the twins will both show the same asymmetry and 
other respects more alike than when the establishment asym- 
metry precedes twinning; takes place during the twinning 
process the twins will show varying degrees asymmetry re- 
versal one individual and varying degrees close resemblance 
physical and mental characters. 
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